Goodheart- 


Wil Icox 
BUILD-A-COURSE 


General Shop 


Series . 


"ri y — deed © al 


ike n Tg pF ut 


sue e pu Cet tomm 


T. Gardner Boyd 


Stet Z Z at pr. 


vada 


eet tpe. 


ghee Ne (Cm rn ee 2) - 


F 
ARY 


om 
Set 


pr 


NT AFB, COLORADO 


q 


DATE DUE 4 
$ ereraa 1-701 935 Š 


| 63r a_i BUILD-A-COURSE Series 


SEP 27 1995 | SEP 04 1999 


P. ; 100 


=== WORKING 


by f$JUL 199—335) 


DNER BOYD 


r, Industrial Arts 


,, Kansas City, Missouri 


)WN, Consulting Editor 
Supervisor of Industrial Arts 
Director of Vocational-Technical Education 
Phoenix, Arizona 


Books in Build-A-Course Series 


W oodworking—Wagner Art Metals—Siegner 
Orafting—Brown Graphic Arts—Kagy 
Electricity—Gerrish Power Mechanics—Atteberry 
Electronics—Gerrish Leathercraft—Zimmerman 
Metalwarking—Boyd (Other books in work) 


Chicago 
THE GOODHEART-WILLCOX CO., Inc. 
Publishers 


OMe 
PROPER THON VS 


Ca Unun 

Ages BRA t vs an? 

as iS. VL ORADO "moy ys Maus 
"ul 


INTRODUCTION 


This book is one of a series planned specifically to provide general 
exploratory experiences in Industrial Arts, It is designed to provide a 
broad experience in METALWORKING through the use of tools, ma- 
chines, and materials that are basic to this important area, 


The book includes informational topics, general occupational infor- 
mation, planning and designing, safety, bench metal, sheet metal, forg- 
ing, founding, heat treating, and machine shop, Although some shops 
may not be equipped to teach all the areas presented, students will have 
an opportunity to read about the several areas of metalwork. 


Hand tool operations are stressed since this course is designed for 
the student who is beginning his study of metalwork, or has had very 
little experience in this area, Each unit progresses from the use of 
simple hand tools to some of the more basic machine operations, so 
the student can gain the necessary background of information and skill 
needed, as he progresses to more advanced metalworking. 


A number of shop-tested projects are presented which will help 
stimulate interest and provide a challenge. The projects range from 
simple projects to some which are more complex. 


The author hopes that this book will contribute to the student's 
knowledge and skill needed for everyday living, as well as his pursuit 
of vocational and avocational interests. 


T. Gardner Boyd 
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METAL IN OUR EVERYDAY LIVES 


SOME ANSWERS TO THESE QUESTIONS: 


1. Why should you study metalwork? 
2. What does the future hold for metal- 
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working industries and employment? 
3. What occupational opportunities are 
available in the areas of metalwork 


and related fields? 


A CHAT WITH YOUR TEACHER 


The metalworking industries and their 
products play an important part in the 
lives of all of us. Through metal products 
our homes have been made more com- 
fortable, sanitary, and convenient places 
to live. Our modes of transportation have 
become more luxurious and convenient 
with automobiles, streamlined trains, and 
jet airplanes. 


Metals and metal alloys have played a 
very important part in the development of 
rockets and satellites. Metal undoubtedly 
will play an ever increasing roll as space 
ships and other items are developed for 
our adventures to other planets. 


We are allconsumers of metal products. 
Our homes are filled with items made of 
metal such as washing machines, refrig- 
erators, metal furniture, automobiles, 
bicycles, and many other products which 
we use every day. Tobe anintelligent user 
of these articles you should be able to 
recognize good design and quality crafts- 
manship. The skills you learn in metal- 
work will help you as a consumer and will 
also enable you to repair and maintain 
many of these metal products. You may 
also develop a fascinating hobby making 
useful articles of metal. 


METALS IN THE FUTURE 


As we look into the future it is possible 


to visualize still further progress in the 
utilization of metal, especially when we 
consider our vast mining resource, huge 
steel mills, refining plants, and the prog- 
ress our scientists are making in the de- 
velopment of new metal alloys. America's 
entry into the space age will create thous- 
ands of new and interesting jobs. In order 
to keep pace with the new developments in 
the aircraft, missile, and spacecraft field 
as well as our everyday needs, increasing 
numbers of engineers, scientists, tech- 
nicians, and skilled craftsmen will be 
needed. 


A recent census report reveals that 
more than 10 per cent of the peoplein our 
country are directly or indirectly engaged 
in some phase of the metalworking field. 
There are many different career and job 
offerings in each area of metalwork. In- 
dustry needs engineers and skilled tech- 
nicians to plan and supervise the work. 
Skilled craftsmen are needed to perform 
the more difficult machining and fabricat- 
ing operations. Semi-skilled people are 
needed to operate production machines, 
and to do the many routine jobs. 


Fig. 1-1, lists the areas of metalwork 
you will be studying in this book, and a 
partial list of the job or occupational 
classifications, which offer excellent pay- 
ing jobs. 


It is impractical to offer, in the school 
shop, training in all of the specific jobs 
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listed in Fig. 1-1, so our course will be 
concerned with the basic skills involvedin 
the various areas, 


As you study this book and explore the 
various areas by constructing the projects 


Jobs 
Bench Metal Basic To All Metalwork 
Bench Repairman 
Ornamental Iron Worker 
Iron Worker, Shop Riveter 


Tool Dresser 

Hammersmith 

Blacksmith 

Spring Maker 

Hand Drop Hammer 
Operator 

Forging Press Operator 

Angle Press Operator 

Bolt Machine Operator 


Forging 


Bench Molder 

Finish Molder 

Machine Molder 

Chief Inspector 

Die Casting Machine 
Operator 

Coremaker 

Blast Furnace Keeper 

Electric Arc Furnace 
Operator 

Sand Control Man 

Ladle Man 


Foundry 


you design, or those described in the 
Project Section, you will discover which 
areas you like best. If youenjoy metalwork 
and do well in your work, you should give 
serious thought to taking up some phase of 
metalwork as your vocation. 


Jobs 


Heat Treater 
Casehardener 
Tool Hardener 
Checker 
Material Tester 
Furnace Man 
Temperer 


Heating Treating 


Machinist 
Machine Shop Foreman 
Tool Supervisor 
Machinist, Bench 
Instrument Maker 
Tool and Die Maker 
Tool Maker 
Engine Lathe Operator 
Turret Lathe Operator 
Milling Machine 
Operator 


Machine Shop 


Sheet Metal Worker 

Sheet Metal Layout 
Man 

Furnace Sheet Metal 
Worker 

Construction Sheet 
Metal Worker 

Sheet Metal Foreman 

Template Layout Man 


Sheet Metal 


Fig. 1-1. Job opportunities in the fields of metolwork. 


DESIGNING METALWORKING PROJECTS 


1. Importance of good design. 
2. Basic principals of good design. 
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GOOD DESIGN 


Design is more important in our every 
day lives than we sometimes realize. Did 
you ever stop to think about the part it 
played in the development and construction 
of the home you live in, and the furniture 
you use? Cars, airplanes, and rockets have 
all been developed from drawings on paper. 
Many of these products are pleasing in 
looks; some are not. You will wanttolearn 
to sense and recognize the good qualities 
in design so you can be a good judge of 
consumer products. 


Our great industrial development has 
been successful largely because new and 
better ideas for products, processes, and 
machines are constantly being developed. 
Probably one of the biggest reasons the 
United States has become the leading na- 
tion in the world, is because each of us 
want new, different, and better products. 
To keep ahead our country needs people 
who can think seriously and creatively for 
themselves. 


DESIGNING YOUR PROJECT 


You can learn to design as you develop 
the projects you build in metalwork. De- 
signing begins with a problem. It may be to 
invent and create a new product or to im- 
prove one that is already in use. Typical 
questions you will want to answer regard- 
ing the designing of your project are: 


1. What is it for? What is the purpose 


3. Why it is necessary to know about 
materials used in metalwork when 
designing metal projects. 


of the project and what must it do? 

2. Are there any limitations involved? 
For example, if you are not allowed 
to use certain machines, canall parts 
be made without them? Other limita- 
tions might be the availability of 
materials or processes to be used. 

3. Has the problem been solved by 
others, if so, how canit be improved? 
Can it be designed to meet your 
particular needs? 


After you can answer these questions 
satisfactorily your next step is to: 


1. Make several freehand sketches of 
your ideas so they can be studied by 
you and your teacher. While studying 
your sketches, consider several dif- 
ferent designs of the project and 
the kind of material to be used for 
each part. 

2. Make desirable changes. Then, make 
a working drawing which can be used 
to guide your construction of the 
project. Also make full-scale draw- 
ings ofthe parts which have irregular 
Shapes. 

3j. Decide what kinds of material you 
will use. Is one kind of metal to be 
used or a combination of metals? 
Will you use bars, sheet, pipe, or 
cast metal? 

4. Plan the procedure you willfollow to 
construct your project. 


As you design projects you will need to 
consider certain basic elements and prin- 


Fig. 2-1. Left, Combinations of lines are used to 
form shapes. Fig. 2-2. Right, Four basic shopes. 


ciples that make up the over-all design 
of an article. Study the following basic 
elements and principles of design: 


1. Line. All things We can see have 


line. Buildings, cars, trees, flowers, | 
and birds are all made up of lines, 
Fus 2-1. ‘There ane three principal 
types of line--straight, curved, and 
circular. These lines when properly 


combined give an article a pleasing 


shape. 
2. Shape. There are four basic shapes — 
square, rectangular, triangular, and Fig. 2-3. Rods, bars, and sheets of metal are used to 
round, Fig. 2-2. You see these make up a larger shape or mass. 
shapes, or a combination of these 
shapes, when you look at nature, or 5. Balance. An object has balance when 
man-made objects. Shape is influ- its parts appear to be of equal 
enced by function. weight--neither top heavy, nor bot- 
3. Mass or Solid, The solid shape or tom heavy, nor lopsided. There are 
outline of an object has dimensions of two kinds of balance: 
thickness, width, and height. When Symmetrical Balance--'W hen *he 


you look at an object the mass may be 
square, round, or some other geo- 
metric form, Fig. 2-3, Yow will use 
rods, bars, cubes, and sheets of 
metal in developing your projects to 


make up a Mass or Solid shape. 
4, Proportion. The relationship be- 
tween dimensions is called propor- 
tion. This relationship may be as a ; 


ratio. The "golden rule" is a pro- 
portion of about 5 to 8. Odd ratios 
such as 3 to 5, 7 to 9, 9 to 11 are 
usually preferable. Rectangles, 
ovals, and free forms are more 
pleasing as a rule than are squares 


and circles, Fig. 2-4. 
ML) d Fig. 2-4. Rectangles ond free forms. 
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parts on each side of the center are 
alike in shape and size, Fig. 2-5 (A). 


Informal Balance--When the design 
is such that the balance cannot be 
measured or laid out with a ruler, 
and yet you get the feeling that it is 
balanced, Fig. 2-5 (B). Informal bal- 
ance is usually more interesting 
than symmetrical balance. 

6. Unity. A design that has unity seems 
to bring the various parts together 


A B 


Fig. 2-5. (A) Symetrical balance, (B) Informal balance. 


as a whole. Each part of the object 
seems to have a relationship and 
your eyes follow through and among 
the various parts with ease. See 
Fig. 10-10, page 97, 
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Fig. 2-6. Emphasis is brought out through shape, color, 
or decorations. 


Emphasis. The design is given a 
point of interest, A certain part of 
the object may stand out through the 
use of color, its shape or the way it 


is decorated, Fig. 2-6. 


Fig. 2-7. In these candlesticks lines and curves are 


repeated to creote rhythm. 


Rhythm. Rhythm is achieved by re- 


peating lines, curves, forms, colors, 
and the textures within the design. It 
gives an object a feeling of move- 
ment and a pleasing appearance, 
lig. %7. 


Fig. 2-8. In this design, hormony is obtained by using 


parts that fit ond look well together. 


Harmony. Harmony results when 
the different parts of a design fit and 
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look well together, Fig. 2-8. Too 
much harmony can make a design 
monotonous and uninteresting. Va- 
riety is then needed to make it more 
pleasing. 

10. Texture. Texture is the condition of 
the surface of a material. Many 
metals have texture ranging from a 
smooth to a very coarse surface. 
Texture can be added by perforating, 
cutting, pressing, rolling, or expand- 
ing, Fig. 2-9. When applying tex- 
ture to your design be sure it is 
appropriate to the article, and to its 
function. 

11. Color. All metals have a color of 
their own. For example, aluminumis 
silvery, while copper is a rich red- 
dish brown. Colors may also be added 
by using lacquer, paint, chemicals, 
or other finishing materials. The se- 
lection of color is important in any 
design. Colors must be chosen care- 
fully, or they may ruin a perfectly 
good project. Ordinarily, one color 
should be dominant in the design. 
The maincolor should be appropriate 
for the project. The qualities of 
colors should be considered. Some 
colors, such as red, orange, and 
yellow have warmth while other 
colors, such as blue, purple, and 
green are cool. 


SELECTION OF MATERIALS 


In order to design and construct quality 
projects in metal work, you will need to be- 
come familiar with some of the more com- 
mon materials used, It will be necessary 
for you to know something about the var- 
ious properties of metal and the shapes 
and sizes available. 


Metal is one of the most common ele- 
ments found on earth, Some of the metals 
mined are: aluminum, copper, gold, 
silver, and iron. You have probably heard 
Someone speak of an alloy. An alloy is a 
combination of two or more metals melted 


and mixed together incertain proportions. 
For example, brass is a metal alloy 
which is produced by mixing copper and 
zinc. The properties of base metals and 
metal alloys vary widely. Among these 
properties are: 


1. Hardness, the resistance to surface 
abrasion or penetration. Metal be- 
comes harder as it is worked (by 
hammering on it) and by heat treat- 
ing (explained in Unit 7). The harder 
the metal, the less likely it is to 
bend or change shape. Hard metals 
are more brittle than soft metals. 

2. Malleability, the ability to be shaped 
by rolling out or hammering when 
cold, 
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Fig. 2-9. Texture can be added by hammering, perfor- 
ating, cutting, or forming the metal. 


3. Ductility, the ability to undergo de- 
formation (change of shape) without 
breaking. 

4, Elasticity, the ability to return to 
the original shape after deformation. 

5. Fatigue Resistance, the ability tore- 
sist repeated small stresses, 


The metals you will use for projects will 
come under the following classifications: 


1. Ferrous Metal (made from iron) 
a. Low-carbon steel which is often 
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called mild steel, contains about 
0.15 to 0,30 percent carbon. This 
is not enough carbon to hardenthe 
steel to any appreciable degree. 
This type of steel may be pur- 
chased in sheets, bars, and rods. 
It is easily formed, machined, 
and welded, You will use low- 


BAR MATERIALS 


(mild steel and non-ferrous) 


Band iron-cold rolled 
Pees “Ses: 1/96 w 1/4, 1/16 33/8, 4786 x 
te 7 1/2, 1/8 x 3/8, 1/8 x 1/2, 1/8 x 3/4, 
1/8 x 1, 3/16 x 1/2, 3/16 x 3/4, 3/16 


x 1 


Squares-hot rolled, cold rolled, and 
aluminum 


Sizes: 1/4 x 1/4 to 1'^ x 1% 
Rounds-hot rolled, cold rolled, and 


aluminum 


Sizes: 1/4 to ] 


Hexogonals - cold rolled 


yo d Sizes: 3/8 to 3/4 
4 Flats-cold rolled 
Th Sizes: 1/8 x 3/8, 1/8 x 1/2, 1/8 x 3/4, 
1/8 x 1, 3/16 x 1/2, 3/16 x 3/4, 3/16 
x l, 1⁄4 x 1, 1⁄4 x 1% 
l Angles -hot rolled, and aluminum 
jw} Sizes: 1/2 x 1/2, 3/4 x 3/4 


(high-carbon ond tool steel) 


Flots 
up Sizes: 1/8 x 1/2; 178% 3/4, 1/4 x 3/4, 
L == 1/4 x ] 
Squares 
Sizes: 3/8 to 3/4 
— + 


Rounds 
Sizes: 1/4 to 1 


Octagon 
Sizes: 1/4 to 3/4 


Drill rod 
Sizes: 1/8 ta ] 


j 
t 


Fig. 2-10. Materials commonly used in metol work. 


carbon steel for some of the 
projects you construct in bench 
metal work. 

b. Medium-carbon steel contains 
about 0.30 to 0.60 per cent car- 
bon. This type of steel works 
well for parts oí projects which 
require machining. 


SHEET METAL 


Flot-black iron, galvanized, aluminum, 
copper, bross, stainless steel, tin plate 
Sizes: Sheet Steel, 30 ga. to 22 ga., 
U. S. Standard 

Alloys, 18 ga. to 28 ga., Brown & 
Sharpe 


Embossed -aluminum, and copper 
Sizes: Aluminum .020, Copper 16 oz. 


Perforated - aluminum, ond steel 
Sizes: Aluminum .020, Steel 20 ga. to 
22 go. 


FOUNDRY METAL 


LP Aluminum, and brass 


PIPE 
Mild steel, copper, brass 
Sizes: 1/8 ID to 3/4 ID 
io 
TUBING 
Aluminum, copper, bross 
O Sizes: 1/8 OD to 3⁄4 OD 
FASTENERS 


Rivets-aluminum, soft iron, copper, 
brass, tinner 

Sizes: Aluminum, Copper & Bross, 1/16 
x 1/4, 1/16 x 3/8, 1/8 x 3/8, 178 x 
1/2, 1/8 x 3/4, 1/8 x l; Iron, 1/8 x 
3/8,1/8 x 1/2, 1/8 x 3/4, 17/8 x ] 
Tinners, 8 oz., 10 oz., 12 oz., 112 lb., 
2 Ib. 


Mi 


Machine screws - brass, aluminum, steel 
Sizes: 6-32, 8-32, 10-24, 12-24 
Lengths: 1/2, 3/4, 1, 1% 


l 


= j 


=; Sheet Metal screws-oluminum, steel 
a. Sizes: Nos. 4, 6, 8. Lengths: 3/8, 
POINTED BLUNT 1/2, 3/4 
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High-carbon steel contains from 
0.60 to .100 per cent carbon, Itis 
sometimes "referred to as tool 
steel. Most school shops use 
high-carbon steel that has about 
0.90 per cent carbon for chisels, 
punches, and similar projects, 
since this steel can be hardened 
and tempered. 


2. Nonferrous Metal (made without 
iron) 

a. Aluminum is abright, bluish met- 
al which is light in weight and 
strong. There are many alloys 
of aluminum but most school 
shops stock only the softer kind, 
such as 1100-0 and 3003-0 in 
sheets. Rods, bars, and angles 
are used which have -a harder 
temper. Aluminum alloys 43 and 
108 are used for sand casting in 
the foundry. Aluminum is also 
used in shop work to construct 
bench metal, sheet metal, art 
metal, and machine shop 
projects. 

Brass is an alloy of copper and 
zinc. It has agoldcolor. Itis very 


QUIZ 


Write answers on separate sheet of paper. 
Do not write in book, 


1. How will the study of design help you 
as a consumer? 

2. List three things toconsider when de- 
signing a project ---. 

3. What do the basic elements of design, 
line and shape have in common? 

4. The solid shape or outline of an ob- 
ject has dimensions of ---, ---, and 

9. The relationship between dimensions 
is called --. 

6. Rectangles, ovals, and free forms are 
more pleasing as a rule than, --- 
Bud - = 


ductile (may be hammered or 
drawn out thin) and easy to saw 
and file. Brass provides a very 
interesting color contrast when 
used with other metals. 

Copper has a rich reddish brown 
color. It is easy to form and, 
solder, but is hard to machine. 
Copper takes a beautiful polish. 
It is used for decorative articles 
such as bowls, trays, and lamps. 
It is also an excellent conductor 
of electricity. 


COMMON SHAPES AND SIZES OF METAL 


Choosing the correct metal for your 
project is very important. The proper size 
must be selected so your finished project 
will be strong, durable, and meetall of the 
principles of good design. Study Fig. 2-10, 
to become familiar with the various 
shapes, sizes, and characteristics of the 
more common metals. Fig. 2-10, also 
shows the most common metal fasteners. 
Become familiar with these fasteners so 
you can decide the best way to fasten the 
parts of your project together. 
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7T, Explain the difference between sym- 
metrical balance and informal bal- 
ance, 

8. What is the purpose of emphasis in, 
designing a project? 


9, Texture can be added to metal by ---, 
ors 

List five properties of metals. 
Ferrous metal is made from ---. 

12. Nonferrous metal is made from ---. 


3 3 


13. High carbon steel contains from --- 
to --- per cent carbon. 

14, Medium carbon steel works well for 
parts of a project requiring machin- 
ing. (True or False). 

15. Brass is an alloy of --- end ---. 


METAL SHOP SAFETY 


1. The importance of a proper attitude 
toward safety. 
2. Safety guides for dressing properly. 
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"Hi! I'm Sammy Safety. My 
ambition is to help you 
learn to work safely with 
tools, machines, and other 
equipment found in shops, 
and around the home soyou 
won't get hurt. Injuries are 
painful and can be very 
Many accidents occur because 


serious. 
people are not informed. My job istokeep 
you informed and warn you when there is 
danger involved. 


Study this lesson thoroughly and learn 
the safety guides listed. Watch for me as 
you study other lessons. I will be around 
to keep you informed and remind you about 
safety. 


The proper safe attitude is very im- 
portant in preventing accidents. This at- 
titude is developed by accepting the guides 
and rules described in this book and 
demonstrated by your teacher. Safe prac- 
tices and proper methods are for you, and 
not just the other fellow's. You are not a 
"sissy" if you wear goggles and use 
guards--you are smart, Just remember 
the right way is the safe way. 


A football uniform is designed to over- 
come some of the hazards of the game. 
You know the dangers in playing the game 
without being properly dressed. The same 
holds true for the metalworker. While 
working in the metals area always dress 
properly for the job to be done and follow 
these guides: 


1. Roll your sleeves above your elbows. 
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3. How to use metalworking tools safely. 
4. Good housekeeping safety guides. 


2. Remove your tie or tuck it in your 
shirt. 

3. Remove wrist watch, rings and other 

pieces of jewelry which might get 

caught in moving machinery. 

Keep your hair cut short or wear a 

shop cap to keep long hair from get- 

ting caught in machinery. 

9. Wear a shop coat or apronto protect 
your clothing. 

6. Wear special protective clothing 
when working in foundry, forging, 
and welding. 

7. Wear safety goggles or a face shield 
when drilling, grinding, buffing or 
when there is danger of flyingchips. 

8. Wear special goggles or shield when 
welding. 


It has been said that a good mechanic 
seldom gets hurt. A good mechanic takes 
proper care of the tools he uses. Records 
show that most minor accidents are caused 
by incorrect use of hand tools, or the tools 
have not been kept in good repair. When you 
are working with tools in the metals area 
always follow these guides: 


1. Do not use a tool until you have had 
a demonstration. 

2. Report any defective or brokentool 
you find to the teacher. 

3. Dull tools are dangerous and will not 

work properly. Keep all cutting 

edges sharp. 

Check hammer handles to be sure 

they are not cracked, and are fast- 

ened tightly. 

5. Never use a file without a handle. 

6. Always grind mushroom heads and 
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burrs off chisels, punches, and 
other small hand tools, Fig. 3-1. 
Never carry sharp tools in your 
pocket. 

Always carry tools and projects so 
their points or sharp edges are 
pointing down. Ifthisisimpractical, 
protect sharp edges and points with 
heavy paper, pieces of wood, or a 
metal sheath. 

Be sure your hands are dry when 
using portable electric hand tools. 


CTD 


Fig. 3-1. The cold chisel at the left has a mushroom 
head. The one at the right is properly ground. 


Do not stand in a wet spot, touch 
plumbing, or other grounded objects 
while using electrically powered 
tools. 

Always ground portable electric 
hand tools. Check the electrical 
cord, connections, plug, and switch 
to be sure they are in good condi- 
tion before using. 

Do not use electrical tools around 
inflammable gases or vapors. This 
could cause an explosion. 


10. 


lila 


To complete your safety program you 
will want to establish some good house- 
keeping guides. A clean and orderly shop 
provides a safe place to work. You will 
want to do your part in keeping the shop 
clean and in order. Clean the bench or 
machine after you have finished your 
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work. Clean and put away all tools and 
accessories when you have finished using 
them. Wipe up any oil or grease which 
might have dropped on the floor. As you 
work in the shop you will discover other 
things you can do to make it a safer 
place to work. Always be alert for any 
situation that might cause an accident. 


Remember these basic guides of safe- 
ty and practice them: 


Dress properly for the job. 

Protect your eyes at all times. 
Know your job and do it correctly. 
Be a good housekeeper. 

When in doubt check with your 
teacher." 


OP Ww Hw — 


QUIZ - UNIT 3 


1. Describe the proper way to dress in 
the shop. 
How are the eyes protected when: 

a. grinding? 

b. drilling? 

c. welding? 
Why is the proper attitude animport- 
ant factor in shop safety? 
Why is itnecessary toremove jewelry 
when working with moving machinery ? 
What kind of hand tools are most 
dangerous? 
How should sharp tools be carried? 
Why is itadvisable to grind mushroom 
heads off chisels and punches? 
List three safety precautions to be 
observed when using a portable elec- 
trickdrald, 
Why is it dangerous to use electrical 
tools around inflammable gases or 
vapors? 
Why is good housekeeping an im- 
portant part ofa shop safety program? 


10. 


BENCH AND WROUGHT METAL 


Ts 
e. 
3. 
4. 
5. 
6. 


Bench metal is basic to all areas of 
metal work. It deals withthe use of common 
hand tools and information necessary for 
all workers in the metal trades. In this 
area of metalwork you will learn to use 
hand tools for laying out, cutting, shaping, 
forming, drilling, threading, assembling, 
and testing work at the bench. You will be 
working with mild steel, aluminum, cop- 
per, etc. The metal will be im the form of 
rods, squares, flat bars, and sheet stock of 
various sizes and thicknesses. The metal 
is worked cold with hand tools and a few 
machines such as the drillpress, grinder, 
and buffer. 


It is very important that youlearntouse 
the hand tools which will be introduced in 
this unit, because you will use many of 
them in the other units of metalwork. Us- 
ing hand tools correctly is often more 
difficult than operating some machines. A 
metalworker must be able to use hand tools 
skillfully. Aviation mechanics, auto me- 
chanics, machine repairmen, and assem- 
blers, to mention a few, offer excellent 
job opportunities to people who can use 
bench metal tools correctly. 


Learning to use hand tools will be very 
valuable to you regardless of how you earn 
your living. You will be able to take care 
of maintenance jobs around your home. 
Many have found bench-metal work tobea 
very interesting and satisfying hobby. It 
does not cost as muchtoequip a home work 
shop for bench- metal work as some other 
hobbies. You can make many useful items 
for your home and gifts for friends. 
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How to use measuring and layout tools. 
Cutting and drilling. 

Bending and forming metal. 

Cutting internal and external threads. 
Fastening metals together. 

Polishing and buffing metal. 


MEASURING AND LAYING OUT STOCK 


The first steps in constructing a project 
are to measure your stock and mark it to 
the correct size, then transfer your pat- 
terns to the material being used. Making 
accurate measurements is veryimportant 
in the production of high-grade work. To 
do this you will want to learn to use the 
following measuring and layout tools cor- 
rectly. 


Fig. 4-1. Above. Two sides of a spring-tempered steel 
rule. Below. Two sides of on adjustable hook rule. 


(L. S. Storrett Co.) 


RULES 


The most widely used tool for taking 
and laying out measurements is the steel 
rule. Rules vary in lengths, widths, and 
thicknesses. The most common being 6, 12, 
and 24 inches in length. Along each edge of 
the rule and on both sides, the inchmarks 


23 25 27 29 3) 


33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 


Fig. 4-2. Chart showing a comparison of the divisions on a rule. 


are divided into various subdivisions. The 
first edge is divided into sixty-fourths of 
an inch. The second edge is divided into 
thirty-seconds of an inch and the third 
edge into sixteenths of an inch. The fourth 
edge, and the one you will use most is 
divided into eighths of an inch. Several 
types of steel rules with which you should 
become familiar are shown in Figs. 4-1. 


Incorrect measurements inlayout cause 
serious trouble in metalworking. Be sure 
you can read a rule, Study the chart shown 
ha Pip. 2-2, 


SCRIBER 
A scriber is a pointed steel instrument 


which is used to scribe or scratch lines 
on most metal surfaces, Fig. 4-3. Itis held 


(L. S. Starrett Co.) 


Fig. 4-3. A scriber. 


in the same manner as a lead pencil, Fig. 


4-4, Keep the point true and sharp. 
SQUARES 


The combination square set, withits four 


iS 


Fig. 4-4. Hold the scriber like a pencil. 


principal parts is a very useful measuring 
and layout tool, Fig. 4-5; The four parts are 


B-45 and 
90 deg. square head, C - protractor heod, D - center head. 


Fig. 4-5. Combination square set. A- blade, 


VL XM 


CHECKING SQUARENESS 


CHECKING 459 ANGLE 


— | 4 


MARKING GAUGE 


MEASURING DEPTH 
OF RECESS 


Fig. 4-6. Uses of the combination squore head. 


blade, combination square head, center 
head, and protractor head. 


The blade which is available in lengths 
from 4 in. to24 in. has graduations marked 
on all four edges. These graduations are 
usually 64ths, 32nds, 16ths, and 8ths, A 
groove runs along the center of the blade 
on one side and serves as a guide for 
clamping the heads. Each head can be 
slipped to any position along the length of 
the blade, and held in place with aknurled 
nut, 


The combination square head has a 
straight edge which forms a 90 deg. angle 
with the blade on one side, and a 45 deg. 


Fig. 4-7. Using the combination square center heod. 


angle on the opposite side. This head, Fig. 
4-6, has many uses. 


The center headhas two projecting arms 
which form an inside angle of 90 deg. This 
head is used to locate centers of round 
stock. To use it for this purpose, place the 
center head againstthe stock withthe blade 
on the top surface, Fig. 4-7, and scribe a 
line along the blade edge. Move the tool 
around the stock, and scribe two or more 
lines approximately the same distance 
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apart. The exact center of the stock will 
be at the intersection of these lines. 


Fig. 4-8. Using the combination square protractor head. 


The protractor head has a straight edge 
with a revolving turret in the center. The 
revolving turret is divided into 180 de- 
grees. It is used to lay out or check any 
angle from 0 to 180 degrees. To draw 
angular lines, clamp blade to turret, set 
the blade at required degree, and lock in 
place with knurled nut. Then, place straight 
edge of head against edge of stock with 
blade across the surface, and scribe a 
line along the edge of the blade, Fig. 4-8. 


DIVIDERS 
Dividers are used for measuring or set- 


ting off distances, and to lay out arcs and 
circles, Fig. 4-9. The procedure for using 


Fig. 4-9. Dividers. 


(L. S. Starrett Co.) 


Metalworking - BENCH AND WROUGHT METAL 


the dividers is the same as using a pencil 
compass in drawing. 


PRICK PUNCH 


The prick punch is a smallcenter punch 
which is also known as a layout punch. Its 
point is ground at an angle of 30 degrees. 
It is used to accurately mark holes and 


Fig. 4-10. A set of prick punches. 


other locations to be machined, Fig. 4-10. 
Keep the point true and sharp. 


CENTER PUNCH 


The center punch has one end ground to 
a 90 deg. conical point, Fig, 4-11. Itis used 


Fig. 4-11. A set of center punches. 


to enlarge prick punch marks and make it 
easier for the drilltostartcorrectly. Keep 
the point true and sharp. 


LAYING OUT STOCK 


In laying out a job, an outline or pattern 
marked on the material shows the size and 
shape of the parts and the location of open- 
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ings and holes. Laying out work varies, so 
the procedure given here may be changed 
to meet your particular situation. Remem- 
ber when laying out stock for a project, 
accuracy is very important. 


1. Check the end of the material from 
which the marking is being done to 
make sure it is square. Square the 
end if necessary. 

2. Measure the stock for required 


length by placing a rule parallel to 


Fig. 4-12. Measuring length of stock. Mark length ac- 
curately with a scriber. 


the edge of the stock, Check the end 
of the rule to be sureitiseven with 
the square end of the stock. Make 
a short mark in line withthe unit on 
the rule that represents the correct 
length, Fig. 4-12. 
3. Mark a square line across stock at 
the correct length by placing a 
square over the stock, Fig. 4-13. 
The straight edge ofthe square head 
must be held firmly against the edge 
of the stock. Holding the scriber at 
a slight angle away from the blade 
of the square, and slanted slightly 
along the direction the line is to be 
drawn, markaline acrossthe stock. 
Cut off stock tolength. 
Prepare work for lay out of holes, 
cutouts, and irregular shapes by 
coating the surface with layout 
"bluing" fluid, This dries fast and 
provides acontrast between surface 
and scribed lines, Fig. 4-14. 
5. Draw center lines acrossthe length 


Fig. 4-13. Left, Marking a line across the stock with a combination square 


and a scriber. 


and width of the stock to serve as 
base lines from whichall other lay- 
out lines can be accurately meas- 
ured. If one edge of the material is 
even, it can be used as a base line. 
Scribe all the straight lines first. 
Use center lines, or a true edge of 
the stock, to start all measure- 
ments, 

Draw angular lines. Use the pro- 
tractor head of the combination 
square set. It will be necessary to 
have one edge and one end true to 


m 


Fig. 4-15. Locating a center for laying 
out arcs and circles. 


be used as a base for the straight 
edge of the protractor head. 

Draw irregularlines. Following are 
two methods which may be used: 
(a) Use a template (pattern) of ply- 
wood orsheet metal. Place the 
template in place on the stock 
and trace around it with a 
Scriber. This method is used 
when several pieces ofthe same 
shape are required. 

Transfer design to metal using 
carbon paper. Apply a coat of 
showcard white to metal. Place 
a piece of carbon paper and then 
the design over the metal, Trace 


(b) 
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Fig. 4-14. Right, Applying layout fluid to piece of metal. 


the design with a pencil or blunt 

tool. 
Scribe all arcs and circles on the 
metal with the dividers. To locate 
the center for an arc, measure in 
the distance required and square the 
lines which intersect at point A, 
Fig. 4-15. Make asmallindentation 
with a prick punch where the two 
main lines intersect at A. Use arule 
to set dividers for the required 
radius, Fig. 4-16, Insert one point of 


Fig. 4-16. Adjusting the dividers for a required radius. 


10. 


1 ty 


the dividers in the center hole and, 
holding the stem by the thumb and 
forefinger, draw the arc or circle, 
FEM dots 

Scribe lines on material toindicate 
all internal areas to be removed. 


Lay out cefiters for holes. Locate 
all holes by measuring from two 
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Fig. 4-17. Using the dividers to scribe a circle. 


reference points and mark this area 
with two intersecting lines, Fig. 
4-18, Make a small mark with a 
prick punch where these two lines 
intersect, 
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REFERENCE POINT 


Fig. 4-18. Laying out location of hales to be 
drilled in stock. 


CUTTING METAL 


There are several tools and machines 
which can be used to cut ferrous and non- 
ferrous metals. The most common tools 
are the hack saw, cold chisel, bench 
shears, and power saw. 


HACK SAWS 


A hack saw has a blade, a U-shaped 
frame, and a handle, Fig. 4-19. 


BLADES 


To get the best results froma hack saw, 
it will be necessary for you to learn sev- 


eral facts about the different types of 
blades which are available so you can make 
a wise selection, 


Size: Blades vary in length from8 in, to 
12 im, 1/2 in. wide, and 9.029 tm, tok 
for general duty work, 5/8 in. wide, and 
0:032 in. thick for heavy-duty work. 


Fig. 4-19. An odjustable type hack sow frame. 
(Stanley T ols) 


Material: Blades are made of high 
speed steel, tungsten alloy steel, molybde- 
num steel, and other special alloy steel. 


Types: Only the teeth are nardened ona 
flexible-back blade. This type is con- 
sidered best for the inexperienced worker, 
and makes a good all-around blade for 
general sawing. The all-hard type is 
hardened throughout the blade which makes 
them brittle and easy to break. 


Teeth: The number of teeth on a blade 
range from 14 to 32 teeth per inch, Fig. 


Fig. 4-20. Checking the number of teeth per inch. 


4-20. Blades willlast longer if you select 
one with the correct number of teeth for 
the job. Useablade with 14 teeth for brass, 
aluminum, cast iron, and soft iron; 18 teeth 
for drill rod, mild steel, tool steel, and 
work; 24 teeth for 


general tubing, and 


pipe. 


Set of teeth: This refers to the way the 
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teeth are bent. This provides proper clear- 5. Start the cut with a light, steady for- 
ance for the blade which makes the cutting ward stroke. At the end of @€ach 
easier and faster, and it prevents over- Stroke, relieve the pressure and 
heating the blade. Fig. 4-21, shows four draw the blade straight back. After 
general types of saw sets. The wave setis two or three strokes to get the cut 
used for fine-tooth blades. started, take full-length strokes ina 
straight line. Do not allow saw to 

SAWING WITH HACK SAW wobble. Hold the saw firmly with both 
hands. Continue sawing, using long 

1. Select the correct blade, making sure steady strokes at a pace of 40 to 50 
that at least two teeth will be incon- strokes per minute. Use just enough 

tact with the metal at all times. pressure on the forward stroke to 


make each tooth remove a small 


arenas — —————— amount of metal, Fig. 4-24, Remem- 
DOUBLE ALTERNATE SET. CELF TAIE RIGHT WRONG 

RAKER SET i a9 m, eme, 59 19 e m, FF me, m, 

WAVE SET —2—————sph 


Fig. 4-21. Set of hack saw blade teeth. 


2. Fasten the blade in the frame with 
the teeth pointing away from the 
handle, Tighten the blade withenough 
tension to hold it rigidly between the 
pins. 

3. Secure the stock in a vise, or with 
clamps. The line where you are going 
to make the cut shouldbe close tothe 


Fig. 4-23. Correct blade angle for starting cuts. 


ber--do not use any pressure on the 


back stroke. Do not allow the teeth 
to drag over the metal. 
6. Slow down as you near the end ofthe 
cut so you can control the saw when 
the stock is sawed through. 
To make a longcut along the sideof a 
piece of metal, turnthe blade at right 
Fig. 4-22. Clomp stock tightly in vise. The line where angles to the frame. This makes it 
the cut is to be mode should be close to the vise jaws. possible to saw a cut deeper than the 
saw frame would otherwise allow. 


_1 


end of the vise jaw or clamp, Fig. 


4-22. CHISELS 

4. Hold the saw at the correct angle. 
Fig. 4-23 shows the right and wrong A chisel is a wedge-shaped tool used to 
angles for cutting. shear, cut, and chip metal. When you can 
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Fig. 4-24. Using hack sow. Apply pressure on forward stroke ond release pressure on return stroke. 


not use tin snips or a hack saw for cutting, 
reach for a chisel. Itis your metal-cutting 
troubleshooter. It can be used in hard-to- 
get-to places for such jobs as shearing off 
rivets, smoothing castings, or splitting 
rusted nuts from bolts. A chisel will cut 
any metal that is softer than its own cutting 
edge, which is hardened and sharpened, 
There are four principal kinds of chisels 
used in bench metal work, Fig. 4-25. 


DIAMOND POINT 
CHISEL 
CAPE CHISEL = — 


Fig. 4-25. Four kinds of chisels commonly 
used in metalwork. 


FLAT COLD 
CHISEL 


ROUND NOSE 
CHISEL 


1. Flat cold chisel - used for cutting, 
shearing, and chipping. The size is 
determined by the width ofthe cutting 
eae. 

2. Cape chisel - used for cutting key- 
ways, square corners or slots. 

3. Diamond pointchisel - usedforcut- 


ting V-grooves and 
angles. 


inside sharp 


4. Round nose chisel - used to cut 
rounded or semi-circular grooves, 
corners which have fillets, and to 


"draw back" a drill which has 
"walked away" from its intended 
center. 


You will use the flat cold chisel for 
most of your work. Keep yourchisel sharp 
and ground at an angle of 60to 70 deg. and 
the edge at a slight arc, Fig. 4-26, When 
grinding a chisel, hold it against the wheel 


609-700 


Fig. 4-26. The correct shape ond point 
angle of a cold chisel. 


with very little pressure to avoid over- 
heating. Dip the point in water often to 
keep it cool. If the point heats it will 
"draw'" the temper of the steel. If this 
happens, the cutting edge will become soft 
and useless until it is rehardened and 
tempered. 


Blows of the hammer will cause the head 
of the chisel to spread at the top like a 
mushroom. This is dangerous because 
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edge on the line to be cut, 

Strike the head of the chisel 
lightly with a ball-peen hammer. 
Keep your eyes focused on the 
line to be cut, not on the chisel. 
Move the chisel for the next cut. 


(ees Eo Check after eachblow of the ham- 
A | i 


chunks of metal will break away from the 
overhanging mushroom with enough force 4. 
to cause an injury. Always keep the head 

ground as in P, Fig. 4-27. 


mer to be sure the cutting edge 


of the chisel is on the outline to 
be cut. 

5. Continue the light cut until you 
have cut around the outline. 


Fig. 4-27. Always keep the head of 
of chisels ground like ''B.'' 


CUTTING METAL WITH A COLD CHISEL 


Following are two methods used to cut 
metal with a flat cold chisel: 


A. Cutting over flat plate 

1. Scribe outline of pattern on 
metal. 

2. Place metal on top of a lead or 
soft steel back plate. Do not use 
finished surface of anvil, or vise. 

3. Grasp chisel in one hand, Fig. 
4-28. Hold chisel in a perpen- 
dicular position with the cutting 


Fig. 4-29. Shearing metal. 


6. Place the chisel at the starting 
point and cut around the outline 
again. Use heavier blows this 


time. 


7. Continue cutting around outline 
until chisel is nearly through 
metal. Use lighter blows to fin- 
ish cutting and to preventcutting 
into the back plate. 

B. Shearing in a vise. 

1. Clamp the metal securely in the 
vise with the line tobe cut slight- 
ly above the top edge of the vise 


jaw. 


Fig. 4-28. Cutting metal with a chisel. 


SAMMY SAFETY 
Says: 


"Always wear safety glasses when cutting metal 


with a chisel,’' 


ee 
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2. Place the beveled surface of the 
chisel's cutting edge flat on the 
vise jaw, Fig. 4-29, The chisel 
will have a tendency to dig in if 
held too high. fi will tear the 
metal and you will not get the 
proper cutting action if it is held 
too low. 

3. Holding the chisel firmly and at 
an angle toward the work, direct 


AN H E E 
T G EEL EDGE FACE POINT 
j 


Fig. 4-30. Parts of a file. 


the center of the cutting edge at 
the line to be cut soyou will get a 
shearing action. 

4. Start cutting at one end of the 
metal and strike the chisel hard 
enough to cut through the mater- 
ial. After each cut, advance the 
chisel until shearing is com- 
pleted. 


we 


FILES 


A file is a hard steel instrument made 
in various sizes, shapes, andcuts of teeth. 
Files are used for cutting, smoothing, and 
removing small amounts of metal. Fig. 
4-30, shows the parts of a file. The three 
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Fig. 4-31. Cuts of files: (A) Single cut; (B) Double cut; 
(C) Rasp cut; (D) Curved-tooth cut. 
(Nicholson File Co.) 


distinguishing features of files are length, 
kind, and eut, 


Length: The length of the file is the 
distance between the heel and the point. 
The tang which is made to hold the handle 
is not included in the length. 


Kind (or name): This means the vari- 
ous shapes or styles which are called by 
such names as flat, mill, half-round, etc. 
These are divided according tothe form of 
their cross-sections into three general 
geometrical classes--quadrangular (four- 
sided), circular, and triangular. 


The cut: This refers tothe character of 
the teeth such as single, double, rasp, and 
curved, Fig. 4-31, and also to the coarse- 
ness of the teeth, rough, coarse, bastard, 
second cut, smooth and dead smooth, Some 
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Fig. 4-32. Machinists' files: (A) Mill file; single cut, 

used for draw filing and finishing; (B) Flat file; double 

cut, for generol work; (C) Half round file; double cut,used 

to file curved surfaces;(D) Hand bostard file; double 

cut, for finishing flot surfaces--it olso has one safe 
edge (without teeth). 


machinists' files used in the metal shop 
are shown in Fig. 4-32. 


Selecting the correct file for the work to 
be done is very important, in order toob- 
tain the greatest efficiency in filing. Many 
factors enter into the selection of the right 
file for the job. 


1. Size of work: Use a large file on 
large work and a small file for 
small work. 


2. Flat or convex surface: Useaflat- 


Fig. 4-33. Above, The proper way to hold a file for 


light filing. Fig. 4-34. 


[91] 
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Below, The proper way to hold 
a file far heavy filing. 


shaped file for flat surfaces and a 
half-round or round-shaped file for 
curved surfaces. 


Rough cutting: Use a coarse, dou- 


ble-cut file. 

square corners and enlarging 
Square or rectangular openings: 
Use a square file. 


Filing circular openings or curved 


surfaces: Use a round file. 
Finishing a surface: Use a single- 
cut file in the second cut bastard, or 
a smooth file, 

Hard steels: Use a second-cut file, 
Soft steels: Use a bastard file. 
Brass, aluminum, and lead: Use a 
special file, Fig. 4-31d. 

Draw filing: Use a single-cut mill 
file. 


FILING METAL 


Filing is an art. The grip, pressure, and 


stroke must vary to fitthe work being done 
and the kind of file used. Following are 
two methods for filing that you will use in 
bench metal work: 


Straight filing. 


This method consists of 


pushing the file lengthwise--straight ahead 
or slightly diagonally--across the work. 
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1. 


. Clean 


Fasten the stock to be filed securely 
in a vise. The surface to be filed 
should be parallel to the vise jaws 
and a short distance above them to 
prevent "chattering" (excessive vi- 
bration). 

Select the correct file for the job. 
For light and accurate filing, grasp 
the handle with one hand, allowing its 
end to fit into and up against the 
fleshy part of the palm below the 
joint of the little finger, with the 
thumb lying parallel along the top of 
the handle and the fingers pointing 
upward. Grasp the point ofthe file by 
the thumb and the firsttwofingers of 
the other hand, Fig. 4-33. For heavy 
work grasp the handle in the same 
manner just described. Place the 
palm of the hand ontop ofthe point of 
the file withthe fingers curledunder, 
Digma oa. 

File the metal by "carrying" (stroke) 
the file forward on an almost straight 
line--changing its course often 
enough to prevent "grooving." A file 
cuts only on the forward stroke-- 
release the pressure on the back 
stroke. Use a uniform stroking mo- 
tion and keep the file flat on the work. 
Do not allow the file to "rock" as 
this will produce a rounded surface. 


Various metals require different 
touches, but in general, apply just 
enough pressure on the forward 


stroke to keep the file cutting at all 
times. If allowed to slide over hard 
metals the teeth will become dull. 

the file. The teeth become 
clogged with particles of metal. To 


do a good job of filing, these filings 
or "chips" which collect between the 
teeth must be removed to keep the 
file working efficiently and prevent 
the "chips" from scratching your 
work. The teeth should be brushed 
frequently with a file card or brush, 
rae. 5-35. Never strike your mile 
against the benchor vise tocleanit-- 


Fig. 4-37. Draw filing. 


high spots lightly and check again. | 
Continue this procedure until the 
stock is square. | 
6. Remove burrs from edges. When cut- I 
ting or filing heavy sheet stock, burrs [ 
form on the edges: Remove these 
burrs by running the file across the 
sharp edges, Fig. 4-36, 


Fig. 4-35. Cleaning a file with a file card. Brush with 
the angle at which the teeth are cut. 


the teeth are brittle and easily Draw filing, This operationis performed | 
broken. When taking very fine cutsor PY grasping the file at each end and push- | 
in filing soft metals, such as copper ing and drawing it across the work. A very | 
and brass, rub the face of the file smooth surface can be obtained by this | 


method. Generally a mill bastard file is 


with chalk to prevent the teeth from 
used for draw filing. 


becoming clogged. 


5. Check the surfaces being filed for 1. Grasp the file firmly at eachend and 
squareness, Hold the work up to the place the file on the work at the end | 
light and place a rule or square on the away from you. 
surface. If light shows between the 2. Holding the file steady, apply suf- 
surface being checked and the ficient pressure to get a cutting 
square, mark the high spots. File the action, and draw file toward you, 


Fig. 4-37, At the end of each stroke 
lift the file and return to the start- 
ing point. Use a new section of the 
file for each stroke. After one side 
of the file has been used up turn it 
over and use the other side. After 
both sides have been used, clean the 
file before repeating the process. 
This is important because achip be- 
tween the teeth will scratch the filed 
surface. 


Protect your files by observing these 


rules: 


Fig. 4-36. Removing burrs from the edge of metal. l. Always keep a good handle on your 
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file. The tang has a sharp point 
which can pierce your hand, Never 
use a file without a handle. 

Never use a new Pile to remove 
scale from metal. Use an old, worn 
file for this job. 

Avoid getting files oily. Oil causesa 
file to slide across the work and 
prevents fast, clean cutting. 

Protect the file teeth. Always hang 
files in a rack when not inuse. Never 
allow the teeth to come in contact 
with other files or tools. If you puta 
file in a toolbox or drawer with other 
tools, wrap the file with cloth, 

Keep the file clean. Use a file cardto 
clean the file after every few strokes. 
Sometimes it is necessary to use a 
sharp pointed nail or piece of wire to 
remove stubborn "chips." 

Never use a file for prying or pound- 
ing. The body of a file is hard and 
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Fig. 4-38. Above. Hand drill; Below. Breast drill. 
(Stanley Tools) 


very brittle. A slight bend or afallto 
the floor might cause the file tobreak 
in two. 

Never hammer on a file. Since it is 
hard and extremely brittle the blows 
might cause sharp chips to fly in all 
directions and injure someone. 


CUTTING HOLES IN METAL 


One way to produce holes in solid metal 


is to wuse a drill. Koles up to 7/2 in. in 
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diameter can be drilled by hand with a 
hand or breast drill, Fig. 4-38, A portable 
electric drill is also a very useful and 
fast tool for drilling holes in metal. When 
drilling holes larger than 1/2 in. in di- 
ameter use a drill press, Fig. 4-39. 
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Fig. 4-39. A drill press. 


The actual cutting of holes is done with 
a twist drill. A drill has three main parts, 
the shank, the body, and the point, Fig. 
4-40. The shank end fits into the chuck or 
spindle of the drilling machine. The most 
commonly used twist drills are made of 
carbon steel and high speed alloy steel. 
The two types of shanks most commonly 
used are the straight and taper, Fig. 4-41. 
The body of the drill is the section éx- 
tending from the shank to the point. The 
two spiral grooves running around the 
body are called flutes. The point of the 
drill which does the cutting is the "busi- 
ness end" of the drill. The point is formed 


by the ends of the web, flutes, and mar- 
gins of the drill body. The two sharp 
edges that do the cutting are called lips. 
The lips must be sharp and properly 
ground to do an efficient job of cutting. 
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MARGIN | 


—— —;- CUTTING LIPS LAND 


Fig. 4-40. The parts 
of a twist drill. 


The twist drills you will use most 
frequently are those made in fractional 
sizes which start at 1/64 in. and go to 1 
in. in diameter. The size is stamped on 
ue shank of the drill. If the size number 
has worn off the drill shank, youcan check 
the size with a Drill Gauge, Fig. 4-42, 
Because these drills vary 1/64 in. from 


Fig. 4-41. Two types of drill shanks. Above. Straight 
shank. Below. Taper shank. 
(Cleveland Twist Drill Co.) 


one size to the next, two other systems 
have been developed to provide in between 
sizes, Number drills range from No. 80 
to No, 1, and letter drills range from A to 
Z. Fig. 4-43, shows these drill sizes and 
their decimal equivalent. 


There are five things that must be 
checked when grinding a drill: 


l. Lip angle, For most work the two 
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Fig. 4-43. Drill sizes and their decimal equivalents. 
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lips should form an angle of 59 de- 
grees, Fig. 4-44. 

Lip length. Both cutting edges (lips) 
must be the same length. Fig. 4-44. 
If the lips are of unequal length the 
drill will cut oversize. 


Fig. 4-44. Correctly ground drill lips. 


Lip clearance, Only the cutting edge 
of the two lips should contact the 


metal being drilled. THe surface be- 
hind the cutting edge ofeachlip must 
be ground back at an angle of 12 deg. 
to previde proper clearance, Fig. 
4-45, This angle can be increasedto 


Fig. 4-45. Angle of lip clearance. 


15 deg. for heavy feeds in soft metals. 
Lip sharpness, The drill will notcut 
properly if the lips are rounded and 
dull, or chipped and burned. 

Full margin. The disfamce from 
margin-to-margin determines the 
diameter of the drill. If the margin 
is worn away or broken, the drill 
wil heat excessively and cut a 
tapered, undersize hole. 


PROCEDURE FOR GRINDING A DRILL 


Note: Practice the first twosteps with- 
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out turning on the grinder to get the "feel" 
of the angles and movements required to 
grind the drill properly: 


jip! 


Hold. the drill near the point with 
your left forefinger and thumb. Cra- 
dle the drill in the first joint of your 
forefinger and place the back of your 
finger on the tool rest. Grasp the 
drill shank with your right thumb and 
forefinger. Keep the drill shank to 
the left, and move the point forward 
so that one lip comes in contact with 
the grinding wheel, Fig. 4-46. 


Fig. 4-46. The correct way to hold a drill for grinding. 


2. 


Keep the shank slightly lower than 
the point. As the lip contacts the 
wheel, push down on the drill shank 
so that the heel (back of the lip) of 
the drill is moved along the grinding 
wheel face. When the back edge of the 
heel surface is reached, the drill 
should be pulled away from the grind- 
ing wheel. 

After you have practiced steps 1 and 
2 a few times, turn on the grinder 
switch. Start grinding the drill, re- 
moving very little metalatfirst. Try 
to maintain the original shape of the 
point. Move the drill steadily and 
evenly, maintaining uniform pres- 
sure against the wheel as you grind. 
Check your work frequently with a 
drill-point gauge to be sure that you 
have the proper lip clearance of 12 
deg., the proper lip angle of 59 deg., 
and that the two lips are the same 
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length, Fig. 4-47. Do not allow the 
drill to overheat while sharpening. 
Drills can be cooled in water. Cool 
high-speed drills in the air other- 


wise they might crack. 


Fig. 4-47. Checking the point with a drill grinding gauge. 


DRILLING BY HAND 


The hand drill is used to drill holes 
1/4 inch in diameter or smaller. Its "big 
brother," the breast drill, is designed for 
tougher jobs and will drill holes up to 


1/2 


inch in diameter. Following is the 


procedure for using hand and breast drills: 


i 


Center punch hole locations as indi- 
cated by the prick punch marks which 
were made during the layout opera- 
tion, Fig. 4-48, Make the opening with 
the center punch large enough tore- 
ceive the point of the drill. 


Fig. 4-48. Using a center punch. 


Fig. 4-49. A portable electric hand drill. 
(Stanley Tools) 


Select the correct size drill. To in- 
sert drill in the chuck, grip the 
crank handle and body of the hand 
dril tightly with one hand. Use the 
other hand to turn the chuck shell to 
open the jaws wide enough to allow 
the drill shank you are going touse to 
enter. Tighten the jaws of the chuck 
so the drill is held firmly. 

Secure material to be drilled in a 
vise or clamp it to a bench, if pos- 
sible, clamp piece in a position so 
driling can be done horizontally. 
Place the point of the drill in the 
center punch opening and crankdrill 
at a moderate speed, making sure 
that you hold it at the proper angle 
with the work, usually 90 deg. Hold 
the drill steady, and apply enough 
pressure to keep the point cutting. 
When the drill point is about tobreak 
through the metal, ease up on the 
pressure. Should the drill catch or 
jam in the material, finishcutting the 
hole by turning the chuck by hand. 
The drill should not be allowed to 
project through the hole any farther 
than is necessary to complete the 
hole. When the hole is completed, 
remove the drill. Continue toturnthe 
drill in a clockwise direction and pull 
back on the handle. 


DRILLING WITH PORTABLE 
POWER DRILL 


The portable electric drill, Fig. 1-49, is 


Fig. 4-50. Left, Using on electric hand drill. Fig. 4-51. Right, Inserting o drill in the drill press chuck. 


used the same way as a hand drill, except 
that you do not have to crank it. Portable 
electric drills vary in size. The two most 
common sizes have a rated capacity of 
1/4 im. and 1/2 ine in “steel. To drill 
holes with a portable electric drill: 


1. Place work in a vise or clamp it to 
the bench. The drilling can be done 
either horizontally or vertically. 


iw) 


Insert proper size drill bit for the 
Job into drill chuck. Tighten the 
jaws against the drill bit with the 
chuck key. 

3. With the power off, place the point of 


the drill in the center punch opening. 
4. Hold the drill with one hand and 


steady it with the other. Turn on the 
power and apply steady pressure, 
Fig. 4-50. 

5. When the drill point is abouttobreak 
through the material, ease up on the 
pressure, Remove the drill from the 
hole and turn off the power. Do not 
allow the drill bit to jerk or bind 
since this will probably cause it to 
break off. 


DRILLING WITH A DRILL PRESS 


The drill press automatically holds and 
rotates the drill bit at the proper angle 
with the work. Drill presses vary insizes 
ranging from small bench models to huge 
multiple-spindle types, When you use a 
drill press follow this procedure: 


1. Locate the center of the hole to be 
drilled and mark the hole with a 
prick punch. 

2. Enlarge the hole withacenter punch. 


3. Select the correct size dpi de MD 
sert the drill in the chuck, ESShen 
the drill with the chuck key, Fig. 
4-51. 

4. Clamp the work to the table of the 
drill press. The type of clamp or jig 
used will depend on the nature ofthe 
job. Adjustthe work sothe point of the 
drill is lined up withthe center mark. 
Place the drill press table at the 
correct height for the, job. Check to 
see that the drillbit will pass through 
a clearance hole or slot in the table 


Fig. 4-52. Holding work while drilling. Left, Holding work with a monkey wrench. Center, 
Using a poir of pliers to hold thin stock. Right, Pieces clamped in drill press vise. 


Fig. 4-54. 
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and there is nodanger of drilling into 
the table. Fig. 4-52 shows several 
ways to hold metal while it is being 
drilled. 

Adjust the drill press for the cor- 
rect speed. The speed for drilling 
holes varies with the size of drill 
bit and material being used. The 
larger the drill bit, the slower the 
speed. A slow speed is used for hard 
metals and a higher speed for soft 
metals. 


-_ —— 


Fig. 4-53. A countersink drill. 
(Cleveland Twist Drill Co.) 


Turn on the power and bring the 
drill point down to the piece slowly. 
Feed the drill into the center mark 
with a steady, even pressure. Apply 
cutting fluid often enough during 
drilling operation to keep the drill 
bit lubricated and from becoming too 
hot. 

Reduce the pressure slightly when 
the drill bit begins to go through the 
bottom side of the piece. This will 
help prevent the drill fromcatching. 


CORRECT TOO DEEP TOO SHALLOW 


The correct and incorrect way to counter- 
sink a hale. 


When drilling holes larger than 3/8 
in. it is good practice todrill asmall 
pilot hole first. The diameter of the 
pilot hole, whichis sometimes called 
a lead hole, should be approximately 
the size of the web thickness of the 
langer drill, 

Holes which are to receive tapered 
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heads of rivets, screws; or bolts, 
must be countersunk. This may be 
done with a countersink drill, Fig. 
4-53, or by using a drill bit twice 
the diameter ofthe hole. Countersink 
the hole enough to allow the head of 
the rivet, screw, or bolt to fit flush 
With the surface of the metal, Fig. 
4-54, 


BENDING, FORMING, 
AND TWISTING METAL 


Some of your projects will require the 
bending of metal at right angles, acute 


angles, 


and obtuse angles. Other pieces 


of your project may require scroll work or 
the twisting of some of the parts. Most of 
the ferrous and nonferrous metals 1/4 in. 
or less in thickness can be bent cold. To 
make angular bends follow this procedure: 


ilo 


h 


Make a full-size layout of the part to 
be bent, so you can determine the 
amount of metal to allow for the 
bends. To make a right-angle bend, 
add an amount equal to one-half the 
thickness of the metal for eachbend., 
For example, if you are using 1/8- 


TI 


A 
$ — 


Fig. 4-55. Allow one-half the thickness of the metal 


N 


for each bend. 


in. thick material, and you are going 
to make two right-angle bends, add 
1/8 in. to the length of material, 
Pig. $9995: 

When more is to be 


than one bend 
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made, decide onthe order of bending, 
so you can determine where to make 
the allowances for bending, in the 
layout. Thisis necessary because the 
extra amount added to the length of 
the material for bending, should al- 
ways be placed above the vise jaws 
when making the bend. Fig. 4-56. 
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Fig. 4-58. Bending metal in a vise. 


5. Check the bend witha square to make 


nd 
I*' BEND 2" BEND 

po—— J— sure the bend is accurate. 
(c) 6 à 

[2-1 Je k —— 3-1 l6 —— ec 2 Ere . To make a bend that is greater than 


90 degrees (obtuse angle) use a mon- 
key wrench, Fig. 4-59. It is notnec- 
essary to make any allowance for 
very shallow bends. If the bend is 


Fig. 4-56. Allowances laid out for the order of bending. 
The allowance has been added to the section thot is 
to undergo the actual bending. 


Fig. 4-59. Making a bend that is greater than 90 deg. 


3. Clamp the metal in the vise with the 
bend line at the top of the jaws, with 
the allowance end above the jaws, 
Fig. 4-57. Check the material witha 
square to make sure it is straight. 

4, Bend the metal by applying pressure 
with one hand, and strikingthe metal 
near the jaws of the vise with a 
hammer at the same time, Fig. 4-58. 
Strike the metal just hard enough to 
complete the bend. 


Fig. 4-57. The order of bending layouts which are shown in (A), (B), and (C), Fig. 4-56. 
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Fig. 4-60. Left, Making a bend that is less than 90 deg. Fig. 4-61. Right, Forming a circular bend over a rod. 


close to a right angle, an allowance 
should be made. 

7. To make a bend that is less than 90 
degrees (acute angle) the same al- 
lowance as made for a right angle 
bend must be made. Follow the pro- 
cedure for making a right-angle 
bend. To obtain the sharp angle, 
place the right angle bend between 
the jaws of the vise, and squeeze the 
two sides together until the correct 
angle is obtained, Fig. 4-60. 


BENDING CURVES 


Many projects require circular bends. 
This type of bending can be done by form- 
ing the metal around a rodor pipe, or with 


Fig. 4-62. Fasten both the rod and the work in the vise. 
Draw the work around the rad. 
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bending and forming machines. Most metal 
1/4 in, or less can be formed cold. 


To form circular bends, clamp a rodor 
piece of pipe in a vise. Place the metal 
over this piece, inthe vise. Strike the metal 
glancing blows with a ball-peen hammer, 
Fig. 4-61. Move the metal forward grad- 
ually, striking the metal until the desired 
curve is formed. 


Another method that may be used whena 
certain radius or diameter circle is to be 
formed is to clamp a piece of pipe or rod 
equal to theinside diameter of the circle or 
radius in a vise, with the piece of stock to 
be bent clamped between the rod or pipe 
and the solid jaw of the vise, Fig. 4-62. 
Grasp the end of the stock extending above 
the vise jaws, and pull the metal down 
against the bending device. Loosenthe vise 
jaws and feed the stock in around the rod, 
and clamp in place as before. Continue this 
procedure until the desired circle or 
radius has been formed. Metal that is too 
thick to be formed by hand can be bent 
around the bending device by pulling it 
with one hand and striking it close to the 
bending device with a ball-peen hammer. 
Continue the bending operation by feeding 
the metal around the bending device and 
hammering it down against the bending 
intil the or radius 


device desired circle 


is obtained. 


STEP. 1 STEP 2 


STEP 3 


Fig. 4-63. Steps in forming an eye. 


diameter of the eye, in a vise. Follow the 
steps shown in Fig, 4-63, 


TWISTING METAL 


Very interesting and pleasing lines can 
be added to parts of a metal project by 
twisting some of the pieces. Twisting is 
also used to give additional strengthandto 
change the position ofthe piece soit can be 
fastened at the ends. Mild steel band iron 
1/4 in. or less in thickness and 1-1/2 in. 
or less in width, can be bent cold. Square 
rods of mild steel up to 1/2 in. can be bent 
without heating. To bend larger sizes of 


Fig. 4-64. Twisting metal with a wrench. 


Stock, heat the metal to a dullredcolor in 
a forge or with a torch, 


The procedure for twisting metal is: 


1. Determine the portion of the stock to 
be twisted, and the number of de- 
sired twists. Calculate the amount of 
stock to allow for twisting (which 
tends to shorten stock) by taking a 
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Scrap piece of metal the same kindto 
be twisted and check the length. Make 
a single twist in this test piece and 
check the length. The difference be- 
tween the length before, and after 
twisting, is the amount to allow for 
each twist to be made. 

Mark off the section of the metal to be 
twisted. If duplicate pieces are tobe 
made, mark them at the same time, 
Place the metal to be twisted in a 
vise with one of the limit marks for 
the section tobe twisted even with the 
outer edge of the vise jaw, Short 
pieces should be clamped in averti- 
cal position, and long pieces should 
be clamped in a horizontal position. 
Clamp a monkey wrench at the other 
end of the section to be twisted, Fig. 
4-64, The twist may be made to the 
right or left. Rotate the wrench until 
the desired number of twists have 


been obtained, 
When twisting a long piece of metal, 


Fig. 4-65. Straightening metal after twisting. 


it is sometimes difficult to keep it 
straight. This can be corrected to 
some extent by slipping a piece of 
pipe which is slightly larger than the 
metal, over the sectiontobe twisted, 
If the piece of metal needs straight- 
ening after being twisted, place it 
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over a hardwood block and hammer it 
with a wood or lead mallet, Fig. 4-65. 
Do not strike the metal hard enough 
to damage the twist. Rotate the metal 
as you straighten it sothe portion not 
touching the surface of the boardcan 
be brought in line with the surface of 
the board. Continue this procedure 
until the metal is straight. 


FORMING A SCROLL 


A scroll is a piece of metal which has 
been bent to a circular shape to forma 
spiral similar to the shape that would be 
formed if a clock spring were spread open, 
Fig. 4-66. Scroll work is used mainly for 
decorative purposes. When properly used, 
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Fig. 4-66. A scroll. 


scrolls break up the monotony of straight 
lines and add interesting features toproj- 
ects. Scrolls may be formed by using 
jigs, forks, and other devices. 


The procedure for forming a scroll is: 


1. Lay out afull-size pattern of the de- 
sired scroll onapiece of heavy wrap- 
ping paper or cardboard. This pat- 
tern is used to help determine the 
length of stock needed and to check 


the work as the bending proceeds. 
2. Determine the length of stock that 


will be needed for the scroll by form- 
ing a piece of soft wire or stock on 
the pattern. Then straighten the wire 
and measure its length. 

3. Cut the stock to the correct length. 
Decorate the surface and the ends of 
the stock as desired. See Fig. 4-74, 
and Fig. 4-75. Select the bending de- 
vice and clamp. it ih a vise or toa 
bench, Fig. 4-67. 


4. Start forming the scroll by grasping 
the end of the metal with one hand, 
placing the other end in the bending 
device and holding itin place with the 
other hand, Fig. 4-68. Apply pres- 
sure with the thumb of the hand at 
the bending jig. Use the other hand 
to pull the metal against the bending 
jig with enough pressure to start 


ee 
< 
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Fig. 4-67. Scroll bending devices. Left. Metal block 
with pins thot can be adjusted for different thicknesses 
of metal. Right. U-shaped bending fork mode from o rod. 


forming the scroll. Move the metal 
into the jig a little at a time and 
continue to apply even pressure. This 
allows the scroll to form evenly and 
gradually without sharp bends. Most 
beginners have trouble forming 
Scrolls without sharp bends because 
they try to form too much between 
each application of pressure. By de- 
veloping a rhythm of sliding the 
metal through the jig (not over 1/8 in. 


Fig. 4-68. Forming o scroll by hand. 


Fig. 4-69. Above, Checking scroll on a full-size pattern. 
Fig. 4-70. Below, Stroightening scroll so it will lie flat. 


at a time) and applying pressure to 
the metal at the jig each time the 
metal is moved forward, smooth 
curves can be produced without 
kinks. Form a small section of the 
scroll and check it by placing the 
piece on the full-size pattern, Fig. 
4-69. Complete this section of the 
scroll before moving on to the next 
part of the scroll to be formed. If 


the curve of thé scroll needs to be 
corrected, it can be opened by plac- 
ing the metal back in the jig and 
applying pressure in the opposite di- 
rection. Be sure todothis gradually, 
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moving metal through the jig a little 
at a time. Continue toform the metal 
and check often until the scroll fits 
the pattern. 

When the scroll has beencompletely 
formed, check it to see if it will lie 
flat. If the scroll needs tobe straight- 


Fig. 4-71. Jig for bending pipe ond tubing. 


ened, place it in a vise edgewise and 
straighten it by hand, Fig. 4-70. 


BENDING SMALL PIPE AND TUBING 


Pipe and tubing can be formed success- 
fully by using a jig, Fig. 4-71. If a sharp 
bend is necessary, fill the pipe or tubing 
with wet sand or molten lead. This will 
prevent the pipe or tubing fromcollapsing 
while being formed. Place the pipe or tub- 
ing in the jig and slowly draw it around 
the form. Remove the sand or lead after 
the desired shape has been formed. 


BENDING AND FORMING MACHINES 


There are several machines available 
for bending and forming metal accurately 
and smoothly. Fig. 4-72, shows a No. 2 
Di-Acro bending machine which can be 
used to form flats, rods, tubing, channel, 
and angle. Fig. 4-73, shows the bender 
being used to make various bends, 


SAMMY SAFETY Says: 


“When filling o pipe or piece of tubing with molten 
leod, be sure it is completely dry. Moisture causes mol- 
ten meta! to splotter and it might cause a serious 


accident.” 
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DECORATING ENDS OF METAL 


The ends of band iron can be made 
attractive and their appearance improved 
by grinding, filing, cutting, or hammering, 
Some possible shapes are shown in Fig. 
4-74. To make a shape like (b), first lay 
out the design on the end of the metal. 


Fig. 4-72. A No. 2 Di-Acro bending machine. 
(Irwin O'Neil Mfg. Co.) 


Spread the end of metal into a fan shape 
(indicated by dotted lines) by placing the 
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Fig. 4-73. Some bends that can be made 
` on Di-Acro bending machine. 
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end of the metal near the edge of an anvil 
and by striking the metal with a ball-peen 
hammer. Continue striking the end of the 
metal, working from edge to edge with 
closely spaced blows until the end takes a 
fan shape. Grind the end toa pointed shape. 
Finish the ground edges of the metal by 
hammering them down to athinedge sothe 
metal tapers evenly from the center of 
the design out to the edges and the point. 
If the edges of the design on the end of the 
metal are a little uneven, true them up 
with a file. Hammer the edges again with 
very light blows to remove any indications 


(A) (D) 


Fig. 4-74. Suggested end designs for band iron. (A) Fan 
shaped; (B) Arrow head; (C) Fish tail; (D) Flared, 


of file marks. In addition to the surface 
texture obtained with aball-peen hammer, 
other very interesting effects can be se- 
cured on the ends of the metal by using a 
cross-peen or straight-peen hammer. 


BALL-PEEN STRAIGHT-PEEN CROSS-PEEN 


Fig. 4-75. Suggested surface decorations for band iron. 


DECORATING THE SURFACE 
OF METAL 


Many interesting and decorative tex- 
tures can be produced on the surface of 
metal by hammering it with a ball-peen, 
cross-peen, or Straight-peen 
The effect can also be varied by using 
different size hammers and controlling the 


hammer. 


force of the blow. 


To decorate the surface, mark the area 
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of the metal to be peened or hammered. 
Select the hammer that will produce the 
desired texture, Fig. 4-75. Holding the 
metal with one hand, place it on the sur- 
face of a flat bench plate or anvil, Fig. 
4-76. Strike the metal with firm, even 
blows, that touch one another. Do not 
pound the metal so hard that it stretches. 
Keep the blows firm and evenly spaced, 
working from one edge to the other. Con- 
tinue this procedure, working from one end 


Fig. 4-76. Peening the surface of metal. 


of the metal to the other filling in the 
space to be decorated. The metal will 
probably tend to bend out of shape as you 
peen. To straighten the metal, place it on 
a flat surface and strike it with a wood 
mallet. 


If it is necessary to decorate the other 
side, place a piece of soft copper on the 
anvil. Lay the peened side of the metal on 
the copper, and follow the procedure used 
in peening the first side. Slightly heavier 
blows will be necessary to obtain the same 
texture as that produced on the first side. 


SMOOTHING METAL SURFACES 
WITH ABRASIVES 


Metal projects are more attractive when 
properly finished. An appropriate finish 
adds to the quality of craftsmanship. To 
obtain a beautiful, finely polished piece of 
work is not difficult if a few generalrules 
are kept in mind. 


Most metals will take a fine polishifthe 
proper abrasive is used, An abrasive is a 
material that cuts away other materials 
that are softer than itself. Abrasives may 
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be selected from coarse grits that are fast 
cutting, to powders as fine as talcum that 
can be used for polishing 


There are two types of abrasives. Natu- 
ral abrasives which are found in anatural 
state and artificial abrasives which are 
man-made, Emery and corundum are 
commonly used natural abrasives. Emery 
is about 60 per cent aluminum oxide and 40 
per cent iron oxide. Corundum is about 85 
per cent aluminum oxide and 15 per cent 
iron oxide. 


Artificial abrasives are more commonly 
used on metal, There are two principal 
artificial abrasives, Silicon Carbide and 
Aluminum Oxide. Silicon carbide is made 
by heating coke, sawdust, salt, and pure 
silica sand to a high temperature, in an 
electric furnace. Aluminum oxide is made 
from bauxite ore, similar to that used in 
refining aluminum, It is also made in an 
electric furnace. 


Abrasive materials whichcome from the 
furnace are in chunk form. These chunks 
are crushed into small particles--grits or 
grains. The size of an abrasive grain is 
determined by the size screen they will 
pass through. For example, if the screen 
has 46 openings per inch, the grains that 
just pass through are size 46, Abrasive 
grains range in size from 4 to 280, Ab- 
rasive flours, which are powdery fine, 
range from 280 to 600, 


SELECTING ABRASIVES 


There are many types of abrasives 
which are produced for various kinds of 
work. The most common type used in the 
school shop is abrasive cloth. This canbe 
purchased in sheets 9 x 11 in. or in rolls 
1/2 inch to 3 in. wide. For most bench 
metal work the following grain sizes are 
recommended: 


No. 60 - medium coarse 
No. 80 - medium 

No. 120 - medium fine 
No. 180 - fine 


After the work has been carefully filed, a 
good polish can be obtained by rubbing 
first with No. 60, and then with No. 80 or 
finer. For a very high polish, use No, 120, 
and polish with No. 180. Abrasive cloth is 
used when it is not necessary to remove 
a quantity of metal. 


When using abrasive cloth to do hand 
polishing follow this procedure: 


1. Tear a piece of abrasive cloth from 
a sheet or roll, 

2. Wrap it around a woodblock whichis 
long enough togripcomfortably, Fig. 
4-77. 

3. Apply a few drops of oil to the sur- 
face being polished. Rub the abrasive 


Fig. 4-77. Use cbrasive cloth wrapped oround a wood 


block to smooth flat surfaces. 


cloth back and forth. Donot allow the 


piece of metal with abrasive clothto 


rock. Keep it flat againstthe surface 
being polished. To polish concave 


surfaces, wrap abrasive cloth around 


a rod that is smaller thanthe curva- 


ture of the surface. When polishing 


convex surfaces, use a strip of 
abrasive cloth and your fingers. Fig. 
4-78. 


Fig. 4-78. Polishing concove and convex surfaces. 
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Fig. 4-79. Buffing metal. 


BUFFING 


Some projects in metalwork require a 
very highly polished surface. This can be 
done by using a buffing wheel anda buffing 
agent, Fig. 4-79. Buffing is not done until 
all visible tool marks and deep scratches 
have been removed with abrasive cloth as 
previously described. There are twobasic 
types of buffing compounds: cutting com- 
pounds and burnishing compounds. Tripoli 
is one of the common cutting compounds 
that is used as a buffing agent. Tripoli is 
made from limestone having a high silica 


SAMMY SAFETY 
Says: 


“Before using the buffer, remove jewelry from your 
fingers and wrist. Roll your sleeves above your elbows. 


Place o foce shield or safety glasses over your eyes.” 


content. The silica grains are very soft and 
porous. For shop use, the powder is mixed 
with a grease base toforma stick or cake. 
Red and white rouge are two common 
burnishing (or coloring) compounds. 

for 


The following procedure is used 


buffing metal: 


1. Turn the buffer motor on and apply a 
stick of polishing compound lightly 
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against the face of wheel. Hold the 
compound below the center of the 
wheel so it will tend to pull the com- 
pound toward the machine. After the 
wheel has been loaded with buffing 
compound add more compound spar- 
ingly as needed. Toomuchcompound 
on the wheel will cause it tostick and 
build up on the metal being buffed. A 
different buffing wheel should be used 
when changing grades of compound. 
Mark the buffing wheels for the 
grades of compounds being used so 
they will not get mixed. 

Grip the work securely with both 
hands and press it firmly against the 
rotating wheel. Be sure to keep the 
work below the center of the wheel. 
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Fig. 4-80. Parts of a thread. 


Move the work back andforth across 
the face of wheel as you buff the 
surface. 

After the polishing has been com- 
pleted, wash the work with soap and 
hot water. Dry with a soft clean cloth. 
Be careful not to touch the metal 
with your hands. 

To maintain a high luster, coat the 
work immediately with clear lac- 
quer, plastic, or wax. 


CUTTING THREADS 


The cutting of threads on metal rods 
(called external threads) and on the inter- 
ior of holes drilled in metal (calledinter- 


40 


ior threads) is an important phase of 


metalwork. The metalworker uses threads 
to transmit motion, to provide for adjust- 
ments, and to fasten parts together. 


Fig. 4-81. A set of taps and dies. 
(Greenfield Tap and Die Corp.) 


The American National thread system is 
the most common one used in the United 
States. The American National is a 60 
degree thread with the crest and root 
flattened, Fig. 4-80. There are two com- 
mon series. The National Course (NC), 
which is used for general purpose work, 
and the National Fine (NF) which is used 
for precision assemblies such as aircraft 
engines, automobiles, and adjusting mech- 
anisms. 


Taps and dies are the tools used for 
cutting threads. Taps are used for cutting 


Fig. 4-82. Set of taps. (A) Taper;(B) Plug; (C) Bottoming. 
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threads on the interior of holes. Dies are 
used to cut threads on the surface of metal 
rods. Fig. 4-81 shows a set of taps and 
dies. 


CUTTING INTERNAL THREADS 


A tap is a piece of hardened steel which 
has a threaded portion for cutting threads. 
The shank of the tap has a square end 
which is gripped by the tap wrench that is 
used to turn the tool. Hand taps are usually 
provided in sets of three taps for each 
diameter and thread series, Eachsetcon- 
tains a taper tap, a plugtap, anda bottom- 
ing tap, Fig. 4-82, The taper tapis used to 
start or cut threads completely through 
open holes, Fig. 4-83a. To thread a partly 
open hole, start with a taper tap andfinish 


(C) 


Fig. 4-83. Kinds of holes to be threaded. (A) Open 
hole; (B) Partly open hole; (C) Closed hole. 


the threading with a plug tap, Fig. 4-83b. 
To cut threads to the bottom of a closed 
hole, start the threading withthe taper tap, 
then use the plug tap, andfinishthe thread- 
ing operation with the bottoming tap, Fig. 
4-83c. The tap síze is stamped on the 
shank. For example, in the N.C. and N.F. 
series, if the tap is stamped 1/4 - 20 N.C., 
it means that the thread is 1/4 in. in 
diameter, there are 20 threads per inch 
and it is National Course, Taps are held 
in tap wrenches while they are being used. 
There are two types--the T-handle that is 
used for small taps, and the adjustable tap 
wrench that is used for larger sizes, Fig. 
4-84. 


Following is the procedure fortappinga 
hole: 


1. Select the correct size tap with the 
desired number of threads per inch. 
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Select the correct size tapdrill. Re- 
fer to Fig. 4-85, Tf the ex&et letter 
or number drill is not available, use 
the next larger fractional drill shown 
in Fig. 4-43. 

Drill the hole carefully. 

Secure the tap in the tap wrench. In- 


w— k 


Fig. 4-84. Tap wrenches. Above. T-handle top wrench. 
Below. Adjustable top wrench. 


sert the tap in the hole and start 
turning the tap in a clockwise di- 
rection, Fig. 4-85, Apply enough 
downward pressure to start the tap 
cutting. 


Size of Tap Size of Tap Drill 


National National Number Letter Fractional Decimal Drill 


Coarse Fine Drills Drills Drills Equivalent Size Equivalent 
84-40 eging: C m omo uu 0.0890 #31 0. 
4-48 42 m P. LT 0935 431 
S 30 ee AEA LL c Gb ee 0.1015 #29 0. 
s5-44 Sime om. eeta lest 42 
CESARI ma aT ael EER 1965 #25 0 
6-40 37 ook cee Do 0.113 #25 
#8332 ^ ..... LUE S. SR oe 0.13 #16 
#8- 36 29. o o 2E: 0.13 #16 
10-24 9 380 25 EE ero ms 0.1495 13/64 
El 2 2] Jos D OO 0.15) 13/64 
PISAT ...s. 16 | NINE EIS 177 71632 
512-2 14 ars . 182! 132 
W Sale eis 7 ere cuoco 21 17/*4 
1/4"7-2 3 Sons moan n .213 17/64 
5inbg-l8 t. f Ç oeg .257 21/64 
167-24 bo NEUE 272 21/64 
3/8" -16 W o^ RUIN 1 0.312 25/64 
3 Cs o asn ë A CD 332 25/64 
7 “714 Pa ws Weve .3*8 29/64 
25/04 .3 2 4 
A s IS er Iq s L mia 27/64 .42 4 
I 2 4 4*3 4 
AE Li 31/4 3044 4 
33714 í 
P SI Cw. la T bum: 17/32 ates 
1 3 4 4 
3⁄4 ra 21/32 4614 
004 - 11/14 4 4 
40/64 4 
1 1 f 4 
TEE 4 
14 4 
Fig. 4-85. Tap drill sizes. 


Clearance Drill 


Decimal 


1200 


0.120 


1360 


0,136 
1495 
0.1495 


n 177( 
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0,2031 
0.2031 


Fig. 4-86. Cutting internal threads. 


5. Check the tap to see if it is starting 
Square with the hole. Remove tap 
wrench andcheck work witha square, 
Fig. 4-87. If the alignment of the tap 
is out of square, correct the error by 
applying sidewise pressure as you 
continue turning the tap. 

6. If the hole is being tapped in steel 
apply a lubricant. Lard oil can be 
used. Cast iron is tapped dry. 

7. Turn the tap forward about one-half 


Fig. 4-87. Checking a tap after it is started to make 
sure it is square with the piece. 


turn, then back it up until you feel 
the chips break loose. Repeat this 
procedure until threading has been 
completed. When tapping cast iron 
the tap should not be backed but you 
should continue forwarduntil thread- 
ing is completed. CAUTION: Be 
careful not to force tap if it gets 
stuck, Taps are very brittle and will 


break easily. Gently move the tap 
back and forth until it loosens. 
8. Remove the tap by backing it out 
carefully. If it gets stuck, work it 
back and forth gently to loosen. 


When cuting threads in a partly openor 
closed hole, be very careful as the tap 
comes close to the bottom of the hole. Re- 
move the tap and clean out the chips often, 
so the tap can reachthe bottom of the hole. 


CUTTING EXTERNAL THREADS 


External threads are cut by hand witha 
die held in a die stock, Fig. 4-88. The die 
cuts threads on the external surface of 


Fig. 4-88. Left. Die. Right. Die stock. 
(Greenfield Tap and Die Corp.) 


rods and bolts that will fit into standard- 
size nuts, tapped holes, or fittings. Some 
dies are adjustable while others are solid 
dies which are not adjustable, Fig. 4-89, 


Fig. 4-89. Left. Adjustable die. Right. Salid die. 


Following is the procedure for cutting 
external threads: 


1. Chamfer the end of the stock, Fig. 
4-90. The chamfer can be cut with a 
file or on a grinder. 
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Select the correct size die for the 
diameter of the rod to be threaded. 
An N.C. or N.F. die canbe used. When 
the number of threads per inchis not 
known, use a screw pitch gauge, Fig. 
4-91. This gauge contains several 
thin blades which have saw like teeth 
on them, To use the gauge, try blades 
until one is foundthatfits the threads 


CHAMFER 


Fig. 4-90. The die will start more easily if 
the end is chomfered. 


to be duplicated. The number of 
threads per inch is stamped on the 
blades. 

Place the die inthe die stock, Tighten 
the setscrews in the die stock, sothe 
die is held firmly in place. If the die 
is adjustable, set it to cut oversize 
threads first. You can always make 
the threads smaller but you cannot 
make them larger. A tap is not ad- 


. A screw pitch gauge. 


(L. S. Starrett Co.) 


justable, so it is better to tap first, 
then cut the external threads to fit 
the tapped hole. 

Fasten the work firmly in a viseina 
vertical or horizontal position. 
Place the die over the end of work. 
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Die threads are tapered. Be sure the 
tapered side starts the cut. Reverse 
the die only when it is necessary to 
cut full threads up toa square shoul- 
den: 

Start cutting the threads by turning 
the die stock clockwise and applying 
downward pressure., Be careful to 
start the threads straight and keep 
them straight. Add a little cutting 
oil when threading steel. Backupthe 
die occasionally to break the chips 
loose, Continue until threading is 
completed. 

Check the threaded work to see if it 
fits the tapped hole or nut. If the 
threads are too tight, adjust the die 
to take a little deeper cut and runthe 
die over the threaded section again. 


METAL FASTENING DEVICES 


Fastening devices are used to hold 
pieces of a project together. The type, 
shape, and size of fastening devices to be 
used depend upon the nature of the work, 
For example, rivets are used to hold 
pieces together permanently. Bolts or 
Screws are used when the pieces may be 
disassembled occasionally or have to be 
adjusted. 


FLAT COUNTERSUNK 


HEAD HEAD 


Fig. 4-92. Common rivet shapes. 


RIVETING 


Rivets can be used for ornamentationas 
well as fastening pieces of metal together. 
Soft iron rivets are used for wrought iron 
projects. They are available in round, oval, 
flat, and countersunk heads, Fig. 4-92. The 
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most common size rivets usedare 1/8 and 
3/16 in. in diameter and 1 in. long. Proj- 
ects made of aluminum, copper, or brass 
may be fastened together withrivets made 
of the same material, or contrasting metal. 
The mostcommon size non-ferrous rivets 
are 1/16 and 1/8 in. in diameter with 
round heads. The procedure for riveting 
is as follows: 


1. Select the correct size and shape 
rivets. Use a flat-head rivet if it is 
not to be noticeable. Round-head 
rivets are used if they are tobe part 
of the design. The rivets must be long 
enough to go through both pieces of 
metal and extend beyond by one and 
one-half times the diameter if the 
head is to be rounded on both sides. 
If the rivet is to be flush, allow just 


ROUND HEAD FLAT HEAD 


Fig. 4-93. Use a riveting plote or riveting set to protect 
the head of the rivet. 


enough material to stick through to 
fill the countersunk hole. 

2. Locate and drill the holes. Counter- 
sink the hole if the rivet is to be 
flush with the surface. If several 
rivets are to be used, drill only one 
hole and finish the riveting process 
before drilling the other holes, This 
procedure makes it easier to line up 
the remaining holes when joining 
two pieces. 

3. Insert the rivet in the hole, and 
place the head against a solid piece 
of material. The heads of counter- 
sunk rivets should be set on ananvil 
or block of iron, and round-head 
rivets should rest in a cup-shaped 
hole so the shape of the head will 


not be damaged, Fig. 4-93. To rivet 
scroll work, place the piece to be 
riveted over a steel rod fastened in 
a vise or to a bench, Fig. 4-94. 

4. Upset the rivet by striking the end 
with the flat face of the ball-peen 
hammer, Fig. 4-95. This causes the 
rivet to expand and fill up the hole. 
If the rivet is to be formed, shape 


Fig. 4-94. A rod fostened in a vise con be used 


to rivet scroll work. 


the flattened end of rivet by striking 
it with the peen end of the hammer. 
If the back of the rivet is to be flat, 
strike it with the peen end of the 
hammer to fill countersunk hole. 
Then finish operation by striking 
with the flat face of the hammer. 


MACHINE SCREWS 


Machine screws are used in tapped 
holes for the assembly of metal parts. 
Sometimes machine screws are used with 
nuts. Most machine screws are made of 
steel or brass. They can be purchased in 
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Fig. 4-95. Upsetting o rivet. 
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a variety of diameters, lengths, and head 
shapes. Here is a typical example of how 
to give the specifications for a machine 
screw: 1 inch (length), 6-32 (thread- 
diameter), round head (head shape), steel 
(material). 6-32 means that the screw gage 
is No, 6, and that it has 32 threads per 
inch. Most of the time you will use the 


= uw 


= 
FLAT HEAD 


FILLISTER 
HEAD 


ROUND HEAD 


Fig, 4-96. Common types of machine screws. 


common types of machine screws shown 
immer ie, 4-96. Square or hex nuts can be 
used on machine screws. The head of a 
machine screw may be specified either 
slotted, for use with a plain screwdriver, 
or with a Phillips head for use with a 
special Phillips screwdriver. 


STOVE BOLTS 


Stove bolts were developed for use on 
stoves as the name suggests. They are 
used for many other jobs where accuracy 
and strength are not required. Stove bolts 
have coarse threads that make a loose fit 


m 


Fig. 4-97. Mochine bolt. 


with the threads of the square nut. Stove 
bolts can be purchased with flat heads, 
round heads, or oval heads. 


MACHINE BOL TS 


Machine bolts are made with square or 


45 


hexagonal heads, and the nuts may alsobe 
of either typé, Fig, 4-97. They may be 
purchased in a variety of diameters, 
lengths, and standard N.C. or N.F. threads. 
They can be furnished in three grades-- 
rough, semi-finished, or machine- 
finished. 


NUTS 


Square and hexagonal nuts are standard, 
but there are also many special nuts 
available, Fig. 4-98. One of these is the 
wing nut which is used where frequent 
adjustment is necessary. Cap, or acorn 
nuts are used when appearance is im- 
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Fig. 4-98. Nuts. 
portant. A jam nut is used on top ofa 


standard hexagonal nut to lock it in posi- 
tion. 


Fig. 4-99. Two common types of woshers. 


WASHERS 


There are two common types of wash- 
ers, the flat and the split lock, Fig. 4-99, 


Flat washers serve the function of pro- 
viding larger bearing surfaces and pre- 
venting damage to the surfaces of the 
metal parts through which a bolt passes. 


Split lock 
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Flame throwing principles being used to horden gear of engine comshoft sprocket at Ford Motor 
engine plont in Limo, Ohio. Port is ejected into an oil both where it is quickly quenched. 


washers are used under nuts 


to prevent them from loosening by vi- 


bration. 
QUIZ - UNIT 4 

1. Why is bench metal basic to all 
other areas of metal work? 

2. List four things a combination 
square can be used for in metal 
work. 

3. How can the surface of a piece of 
metal be prepared so scribed lines 
may be seen more clearly? 

4. How many hacksaw teeth should be 
in contact with the metal when 
cutting? 

9. What is a cold chisel used for? 

6. Which method of filing should be 
used to obtain a smooth surface? 

7. Name three systems used to des- 
ignate the size of drills. 

8. When drilling holes larger than 3/8 
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19, 


11: 


18. 


in. it is good practice to drill a 
== Beste 

If you are using 1/8 in, thick band 
iron and you are going to make two 
right angle bends, how much should 
be added to the length of the stock? 
If a piece of pipe requires a sharp 
bend it should be filled with --- or 
What is the difference between 
natural and artificial abrasives? 
Which abrasive is the finest, No. 
80 or No. 120? 

Tripoli is a cutting compound that 
is usedas a : 
The American National thread is a 
--- degree thread. 

Internal threads can be cut by hand 
with a hand ---. 

What is the difference between the 
tap drill size andthe clearance drill 
size? 

External threads can be cut by hand 
with a ---. 

List four metal-fastening devices. 


SHEET METAL 


UNIT 


1. The sheet metal industry. 
2. How to use sheet metal 


tools and machines. 
3. How to fabricate sheet 
metal projects. 


THE FIELD OF SHEET METAL WORK 


The sheet metal field and its related a- 
reas of work employ several million met- 
alworkers. This area of metalwork iscon- 
cerned mostly with the building trades. It 
includes the installation of heating andair 
conditioning systems, roof work, and metal 
trim. Sheet metal work is alsorequiredin 
the manufacturing of automobiles, rockets, 
railroad cars, ships, airplanes, metal 
furniture, and household appliances, 


People employed in the sheet metal trades 
work mostly with sheet steel (black and 
galvanized), tin plate, copper, brass, and 
sheets 


aluminum. They use of metal 


Fig. 5-1. Parallel-line development. This kind of pottern 
development may be used to lay out a scoop. 


ranging from a few thousandths to 1 in. or 
more in thickness. The sheet metal in- 
dustry and the craftsmen who work in it 
have contributed much to make life more 
comfortable and enjoyable. 


In this area of metalwork you willlearn 
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to cut, form, shape, and assemble sheet 
metal stock. You will make such items as 
boxes, pans, funnels, mailboxes, and can- 
nister sets. Most craftsmen find sheet 
metal work very interesting. It is also a 
fascinating hobby. Some of the fundamen- 
tals you studied in Unit 4, will be used in 
this Unit. 


LAYING OUT AND 
DEVELOPING PATTERNS 


Before constructing a sheet metal proj- 
ect it is necessary to first develop a 
stretchout (pattern) either on a sheet of 
paper, or on the metal. The inexperienced 
sheet metal worker should draw the pat- 
tern on paper first so it can be checked to 
see if any mistakes have been made. 'The 
pattern is then transferred to the metalby 
scribing the lines directly to the metal, 
Use a pencilifascriber mark is objection- 
able. If several pieces of the same kind 
are to be made and especially where ir- 
regular curves are involved, a metal tem- 
plate is used, This template is placed on 
the metal and a scriber is used to trace 
around the outside. 


Many sheet metal articles require de- 
velopments. There are three kinds of pat- 
tern development--Parallel-line develop- 
ment, Fig. 5-1, Radial-line development, 
Fig. 5-2, and a combination of Parallel- 
line and Radial-line development, Fig. 5-3. 
The latter of these includes triangles as 
well as cones and cylinders, and is some- 
times referred to as triangulation. Refer 
to Unit 10, in the Build- A-Course Series 


Fig. 5-2. Left, Radial-line development that might be used for a funnel. Fig. 5-3. Right, A combination of parallel- 
line and radial-line development. This kind of pattern development is used when it is necessary to go from square 
to round, as in heating and ventilating duct work. 


on Drafting which explains how to develop 
sheet metal patterns. 


CUTTING SHEET METAL 


Sheet metal which is 18-ga. or less in 
thickness, can be cut with bench shears. 
The standard tinner's snips will cut metal 
22- ga. Or lighter. Some of the more com: 
mon snips are: Straight snips which are 
for cutting straight lines and to cut on the 
outside of large curves, Fig. 5-4; Hawk- 


Fig. 5-4. Straight snips. 


(J. Wiss & Sons Co.) 


billed snips which have narrow, curved 
blades and are used for making curved 
cuts; Aviation snips which are veryuseful 
for making various types of cuts, Fig. 5-5. 
Aviation snips are very handy for cutting 
compound curves and intricate designs. 
They are made in three styles--the right, 
which cuts to the right; the left, whichcuts 
to the left; and the universal, which cuts 
either right or left. 


When cutting with snips, never cut with 
the full length of the blades. If the blades 
of the snips are completely closed, the 
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Fig. 5-5. Aviation snips. (A) cuts to the left; 
(B) cuts to the right; (C) cuts straight or curved; 
(D) is used for notching. 


points will tear the metal sidewise where 
they meet. Stop each cut approximately 
1/4 in. from the end of the blades, and 
start the new cut with the throat. The 
throat is that part of the blades nearest 
to the pivot pin. Always cut to the right of 
the layout line when possible. Whencutting 
outside curves, first rough cut to within 
about 1/8 in. of the layout line with aviation 
snips. Then finish the work by carefully 
cutting around layout line, Fig. 5-6, To cut 
inside curves, first punch or drill a hole 
in the waste stock large enough to allow the 
blades of the hawk-bill snips to get 
started. Insert the snips from the under- 
side of stock and rough cut the inside 
opening to within about 1/4 in. of the layout 
line. Then trim the hole to size, Pigs. 


When the snip blades become dull, they 
can be sharpened by grinding. Take the two 


as 


ud <. 


Fig. 5-6. Left, Cutting on outside curve with aviation snips. Fig. 5-7. Right, 


Cutting on inside opening with howk-bill snips. 


blades apart and grind them toanincluded 
angle of 85 deg. Put the blades together 
again and adjust the blade tensionby turn- 
ing the nut on the pivot bolt or pin. The 
blades should be just tight enough to re- 
main in any position in which you open 
them, Keep the pivot well oiled. Keep the 
blades closed when the snips are not being 
used. Remember snips are strictly sheet 
metal tools and should not be used to cut 
wires, bolts, rivets, or nails. 


Electric portable shears are very handy 
for cutting sheet metal whichis 18 ga. or 
lighter, Fig. 5-8. This machine can be used 


Fig. 5-8. Electric portable shears. 


ARMAS 


to make both straight and curved cuts, It 
will cut a minimum radius of about 1 in. 
To use the shears, place the metal be- 
tween the cutters. Turn on the switch and 
guide the cutters along the line to be cut. 


Some shops are equipped with squaring 
shears, Fig. 5-9. This machine can be 
used to trim and square sheet metal 18 ga, 
or lighter. The size of the machine is de- 
termined by the width of material it will 


cut. The common sizes are 30 or 36 in. 
To use the machine set the back gauge at 
the rear of the shears, to cut material to 
the desired length. Insert the material 
from the front and hold it firmly against 
the side and rear gauges. Press the 
treadle down with your foot to make the 
cut, When the work is inserted from the 
back use the front gauge to control the 
length of cut. The side gauge which is 


(Peck, Stow & Wilcox Co.) 


Fig. 5-9. Squaring shears. 


SAMMY SAFETY 


Savs: 


“When using Squaring Sheors, keep your fingers away 
from the cutting blode at all times. When it is necessary 
to hove a helper, worn him of the danger of getting his 
foot under the treodle or his hands near the cutting blode.” 
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adjustable should be kept at right angles 
to the cutting blade. 


BENDING SHEET METAL 


Sheet metal can be bent by hand or with 
a machine. Acraftsman should know howto 
bend sheet metal by hand because machin- 
ery is not always available. Also, there are 
occasions where a machine in the shop 
does not have the necessary capacity to 
perform the operation. 


BENDING BY HAND 


To make angular bends by hand, clamp 
two pieces of hardwood or angle iron in a 
vise, with the sheet metal between them. 
If the metal is too large to fit in the vise, 
use two C clamps, Fig. 5-10. The line 
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Fig. 5-10. Above. Metal clomped to bench for bending. 
Below. Bend the metal gradually working back ond 
forth across the metal. 


where the metal is to be bent, should be 
even with the upper edge of the jig. To 
bend the metal down, start by striking 
light blows with a mallet at one end and 


work along the full length of the stock. 


Continue working back and forth making a 
gradual bend. 


There are several sheet metal stakes 
which can be used for many bending and 
forming operations, Fig. 5-11. A hatchet 
stake can be used to make a sharp angle 
bend. To bend metal this way, place the 
bend line of the piece over the sharp edge 
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Fig. 5-11. Sheet metal stakes: (A) hollow mandrel; (B) 
blowhorn; (C) candle mould; (D) common squere; (E) 
beokhorn; (F) double seaming; (G) hatchet; (H) stake 


plote. (Peck, Stow & Wilcox Co.) 


Fig. 5-12. Moking o sharp bend over c hatchet stoke. 


Fig. 5-13. Bending o hem between two boards. 


of the stake. Then press the metal down 
with your hands, Fig, 5-12a. Square up bend 
with a wood mallet, Fig. 5-12b. 


To bend a box by hand, first clamp the 
metal as shownin Fig, 5-13a. Bendthe hem 
at a right angle. Release the clamps and 
remove the metal. Clamp the metal onthe 
edge of a bench with the partially turned 
hem up, Fig. 5-13b. Close the hem with a 
mallet and a block of wood Fig. 5-14. A 


Fig.5-14. Closing a hem with a mallet and black of wood. 


short hem can be made with a hand seam- 
Er. Fig, 5-15. First, adjust the hand 
seamer for the size hem to be bent by 
setting the knurled screws at the proper 
distance and clamp them in place with the 
locking nut. Press the piece against the 
top surface of a bench with one hand and 
grip the metal with the hand seamer. 


Fig. 5-15. A hand seamer. 
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Squeeze the handles of the hand seamer 
so the jaws will not slip off the metal. 
Bend the hem as far as the seamer will 
Open the seamer and 
to close the hend, 


allow it to go. 
Squeeze the metal 


After the hems have been bent by one of 
the described methods, bend the two ends 
of the box by using clamps and two pieces 
of wood. Next, cut a block of wood the 
exact size of the bottom of the box. Clamp 
this block in position as shown in Fig. 5-16. 


Fig. 5-16. Bending up the sides of a box by hand. 

Above. Metal clamped in position for bending. Below. 

Drawing the metal tightly against the block of wood 
with a mallet. 
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Then bend up the sides of the box. Draw 
the metal tightly against the wood block by 
Striking it light blows near the bend with 
a mallet. Work back and forth across the 
full length of the bend. Be careful not to 
dent the metal with the edge of the mallet 
head. 


BENDING CYLINDRICAL 
FORMS BY HAND 


A cylindrical piece may be formed to 
shape by bending it around astake, rod, or 
pipe which is slightly smaller or equal to 
the diameter tobe bent. Light-weight metal 
can be formed around the stake by hand, 
Fig. 5-17. To form heavier weights, hold 


Fig. 5-17. Forming light weight metal around 
o rod by hand. 


the metal on top of a stake with one hand, 
then strike it glancing blows with a mallet 
as you feed the piece across the stake, 
Fig. 5-18. Continue this procedure until the 
metal has been formed to the desired 
shape. 


FORMING CONE - SHAPED ARTICLES 


Cone-shaped pieces such as funnels and 
spouts should be formed ona tapered stake. 
A funnel, for example, can be formed over 
the apron of a blowhorn stake, Fig. 5-19. 
When the gauge of the metalis too heavy to 
form by hand use a mallet. 


BENDING METAL ON A BAR FOLDER 


The bar folder is a folding machine 
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which comes in various sizes, the most 
common of which has a folding length of 
Fig. 5-20. These machines will 


30 mim: 


Fig. 5-18. Forming heavier weight metal around 
a rod with a mollet. 


BLOWHORN 
STAKE 


Fig. 5-19. Forming metol over a blowhorn stake. 


fold an edge as narrow as 1/8 to l in. on 
metal as heavy as 24 gauge. A 3/16 in. 
fold is the narrowest bend practicable 
when using 22 ga. metal. 


45° & 90° STOPS 


WING ADJUSTING LEVER HANDLE — 
LOCATED ON BACK OF WING 


DEPTH GAUGE 
uU 


GAUGE ADJUSTING SCREW 


LOCK SCREW 


Fig. 5-20. A bar folder. (Peck, Stow & Wilcox Co.) 
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The bar folder is used for making single 
or double hems, a sharp or open lock, 
turning an edge to receive a wire, and 
turning flanges, Fig. 5-21. To perform 
these operations there are twoadjustments 


War 
VS NA 


Fig. 5-21. Common hems that can be turned on the bar 
folder: (A) single hem; (B) double hem; (C) sharp lock; 


(D) open lock; (E) turned edge to receive a wire. 


to make. The depth of the fold which is 
controlled by turning the gauge-adjusting 
Screw knob in or out, and the sharpness 
of the fold which is obtained by adjusting 
the wing. There are two angle stops atthe 
left end of the bar folder. By setting the 
appropriate angle stop in place the fold may 
be stopped at 45 or 90 deg. The fold can be 
stopped at any desired angle from 10 to 
120 deg. by setting the adjustable stop at 
the handle end of the machine. 


In preparing touse the bar folder, check 
the edge of the metal to be folded to be 
sure it is straight, then follow this pro- 
cedure: 


1. Loosen the locking screw, then turn 
the gauge-adjusting screw until the 
machine is set to make a fold of the 
desired width, Tighten the locking 
Screw to hold this adjustment. 

2. Loosen the wedge screw on the fold- 
ing bar and position the wing withthe 
wing-adjusting lever to make an open 


Fig. 5-22. Left, Folding metol in the bar folder. 


or closedlockas desired. Tightenthe 
wedge screw to holdthis adjustment. 
When making an open lock for wired 
edges, set the wing adjusting lever so 
the distance between the wing and the 
edge of the folding blade is equal to 
the diameter of the wire plus about 
1/32 in. Set the gauge to make a fold 
equal to one and one-half times the 
wire diameter. 

3. Place the edge of the metal in the 
folder and hold it against the gauge 
tightly. Then pull the handle toward 
you until the fold is completed, Fig. 
5-22. Do not release your grip on the 
handle until it is in its original posi- 
tion. 

4. Return the handle to starting posi- 
tion. Remove the folded metal. 

5. If a hem is being made, place the 
metal on the beveled part of the blade 
with the fold upward, and set tightly 
against the wing of the folder, Fig. 
5-23. Pull the handle to flatten the 
fold, Return the handle toits original 
position, and remove the metal. 


BENDING METAL ON A 
BOX AND PAN BRAKE 


The Box and Pan Brake is an ideal 
machine for bending metal boxes and pans 
of a size within its limits, Fig. 5-24. 
Most box and pan brakes found in school 
shops will bend metal up to 24 in. long, 
and 16 ga. in thickness. The upper jaw is 
made up of removable fingers which are 
of various widths. To bend a box on this 
machine, fold the hems first. Thenfoldthe 
two sides at 90 deg. To bend thetwo ends, 


Fig. 5-23. Right, Closing a hem on the bor folder. 


FLIPOVER 
BACK GAUGE 


FINGERS 


FOLDING BAR LEVERS 


Fig. 5-24. A box and pan brake. 


set up the machine with just enough fingers 
to equal the width of the box. Bend the 
two ends. Many shapes can be bent ona 
Box and Pan Brake. 


FORMING METAL ON 
A FORMING MACHINE 


The forming machine, or rolls, as they 
are more commonly called, are used for 
curving sheet metal and forming cylinders 


ADJUSTING SCREWS FOR LOWER ROLL 


LIFT 4 
Fig. 5-25. Forming rolls. (Peck, Stow & Wilcox Co.) 


of various diameters. The most common 
forming machines have rolls that are 30to 
36 in. wide and2 in. in diameter, Fig. 5-25. 
They can form mild steel sheet metal as 
heavy as 22 ga. This machine has three 
rolls. The two front rolls grip the sheet of 
metal and force it against the rear roll, 
which bends it upward curving the sheet 


and forming the cylinder. The lower front 
roll can be adjusted for different thick- 
nesses of metal. The back roll can be 
raised or lowered to form different diame- 
ter cylinders. The back roll can also be 


set at an angular, vertical position for 


Fig. 5-26. Back roll beginning to form a cylinder. 


forming tapered cylinders. To forma cyl- 
inder follow this procedure: 


1. Adjust the lower front roller up or 
down so there is just enough clear- 
ance between the two front rolls for 
the sheet metal to slipin under slight 
pressure. 

2. The back roll is then adjusted to a 
position which willform the cylinder, 
There is no set rule that may be ap- 
plied for setting the rear roll. Some 
metals have more spring than others. 
Therefore, the adjustment of the rear 
roll can best be obtained by experi- 
menting. The back roll must be 
parallel to the front rolls. 

3. Insert the sheet metal from the front 
of the machine between the two front 
gripping rolls, Turn the hand crank 
and feed the metal through the front 
rolls and against upper side of the 
rear forming roll which bends the 
metal upward forming the cylinder, 
Pig, 526; 

4. Continue turning the hand crank to 
shape the cylinder. Readjust the back 
roll if the cylinder is not thecerrect 
radius. Lowering the rear forming 
roll will increase the diameter of the 
cylinder, and raising the rear form- 
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ing roll will decrease the diameter of 
the cylinder. 

9. Remove the formed cylinder from the 
mols, Pig: 5-27. 


To form cone-shaped pieces on the 
forming machine, adjust the front rollsas 
before, Set the rear roll at anangle that is 


Fig. 5-27. Removing a cylinder from the forming rolls. 


approximately the same as the taper of the 
cone, with the left end of the roll nearer 
the front rolls. Insert the metal with the 
long side to the right. Hold the short side 
of the metal so it will go throughthe rolls 
more slowly than the long side as the cone 
is formed. 


The grooves of varying sizes inthe right 
end of the lower and rear rolls are for 
forming cylinders which have a wired edge, 
Fig. 5-28. The procedure for forming 


Fig. 5-28. Forming o piece of metol in the rolls 
with a wired edge. 


a5 


wired edge metal is the same as described 
before, except when forming wired mater- 
ial heavier or lighter than 20 ga. When 
forming wired material heavier than 20 ga. 
the rear roll of the forming machine must 
be set at a distance thatis slightly greater 
at the wired end than at the opposite end. 
Wired material lighter than 20 ga. requires 
an adjustment that provides a distance be- 
tween the rear roll and both the upper and 
lower rolls that is greater atthe wiredend 
than at the opposite end. 


SHEET METAL SEAMS 


A great many methods are employed to 
strengthen and join pieces of sheet metal. 
Some of the common seams are shown in 
Fig. 5-29. Lap seams are generally used in 
the construction of rectangular objects and 
small diameter cylinders, Lap seams are 
usually riveted or soldered. Folded seams 
are generally used when laying flat seam 
metal roofing. A folded seam is made by 


—— MÀ ua — 
PLAIN LAP OFFSET LAP 
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LOCKED 
CORNER 
Fig. 5-29. Some of the common sheet metal seams. 


turning single edges on the two pieces of 
the sheet metal that are to be joined, Fig. 
5-30. Allow extra material equal to three 
times the seam width. Hook the two edges 
together and place the metal over a stake if 
the work is circular, or on a solid flat 
surface if the piece is flat. Hammer the 
flat with a wood mallet. 


seam Grooved 


seams are generally used iu joining flat 


pieces of metal, making vertical side 


seams, in flaring or cylindrically shaped 
objects, and making longitudinal seams in 


Square or round sheet metal pipes, Fig. 


STEP 1 A: -—-A FODE 
STEP 2 — HOOK EDGES 


STEP 3 
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Fig. 5-30. Left, Steps in making a folded seam. Fig. 5-31. Right, Steps in making a grooved seam. 


5-31. To make a grooved seam, follow the 
procedure given for making a folded seam, 
up to the steps given for closing the seam. 
To close the seam, selecta hand groover of 
the required size, Fig. 5-32, Alwaysusea 
hand groover approximately 1/16 in. wider 
than the finished seam. Place the piece on 


Fig. 5-32. A hand groover. 


Fig. 5-33. Top, Locking the end of a seam. Fig. 5-34. 

Bottom, After both ends have been locked, complete the 

seaming operation by working back and forth across the 
seam, striking the groover moderate blows. 


a suitable support. Set the groover exactly 
over one end of the seam, Strike the 
groover a firm blow to close the seam, 
Fig. 5-33. Continue working back and 
forth across the seam strikingthe groover 
moderate blows with a metal hammer to 
complete the seam. Fig. 5-34. 


USING A ROTARY MACHINE 


A rotary machine consists mainly of a 
rigid cast iron frame fitted with shafts, 
gears, and several different sets of rolls, 
Fig. 5-35. This machine can be set up to 
perform beading, crimping, burring, wir- 
ing, and turning. To save time, some 
shops are equipped with a separate ma- 


Fig. 5-35. A combination rotary machine with several 
sets of rolls. 


chine for each operation so the rolls do 
not have to be changed. 


Wiring an edge on a rotary machine is 
accomplished by setting the machine up 
with various sets of rolls, Following is 
the procedure: 

l. Determine the size of wire to be 

used. 


—— 
-—— 
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2, Lay out stock, making allowance for 
the material needed to make the 
wired edge, The amount of extra 
stock needed for 22 ga. or lighter 
is equal to 2-1/2 times the diameter 
of the wire. For example, ifthe wire 
is 1/8 in. in diameter: 2-1/2 x 1/8 
in, = 5/2 x 1/8 = 5/16 in.--the addi- 
tional amount of stock required, 

23. Cut stock to correct size, The edge 
to be wired must be perfectly 
straight. 

4. Install the turning rolls onthe rotary 
machine, Fig. 5-36. 


PT JJ 


Fig. 5-36. A set of turning rolls. 


Measuring from the center of the 
groove in the lower roller, set the 
gauge, a distance equal to two and 
one-half times the diameter of the 
wire. 


Oo 
` 


6. Place the metal between the two 
rolls with the edge firmly against the 
gauge, Fig. 5-37a. 


Fig. 5-37. Steps in using 
the turning rolls to form an 


edge fo receive a wire. 


m 


Tighten the upper roll until it grips 
the metal. Turn the hand crank and 
| feed the metal through the rolls until 
one complete turn has been made. 
Guide the metal carefully so the 
groove is even. 


ST 


8. Lower the upper roll by tightening 
the crank screw about one-eighthofa 
turn. Tilt the work upward slightly as 
in Fig. 5-37b. Turn the crank until 
another complete revolution has been 
made, 

9. Continue tightening the upper roll 
after each pass. Tilt the body of the 
work a little higher with each pass 
until a U-shaped groove is formed, 
Fig! 073160. 


The next step is to install the wiring 
rolls, Fig. 5-38, on the machine andclose 
the wirededge by following this procedure: 


1. Select and cut a piece of wire of the 
correct diameter and length. 

2, Adjust the gauge a distance from the 
sharp edge of the upper roll equalto 
the diameter of the wire, plus twice 
the thickness of the metal, 

3. Insert the wire in the seat formed 


A B € 


Fig. 5-38. Closing a wired edge. 


with the turning rolls. Shape the wire 
so it will fit in the seat easily. 

4, Place the article to be wired be- 
tween the rolls, with the wired edge 
up, and against the gauge, Fig. 5-38a. 
Lower the upper roll until the roll 
grips the work firmly. 

5. Turn the crank unti! the edge being 
wired has traveled throughthe rolls. 

6. Lower the upper roll a little farther 
and feed the work through again. Con- 
tinue this procedure until the metal 

is folded firmly around the wire, On 

the last 


pass, tilt the work upward 
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slightly to force the edge of the metal 
under the wire. 

7. Loosen the upper roll and remove 
the work. 


Burring rolis which are generally fur- 
nished with a rotary machine, are used to 
turn a flange on a cylinder, and to turn a 
burr on a bottom in making a double seam 
to attach to aicylinder; Fig. 5-39a. The 


(e) (b) 


Fig. 5-39. (A) Turning a flange; (B) Beading. 


beading rolls are used to decorate and 
strengthen the sides of sheet metal proj- 
ects, Fig. 3 395 


FASTENING SHEET METAL 


There are several methods used to join 
sheet metal pieces together, You will want 
to become familiar with some of the most 
common processes by using them when you 
construct your projects. Procedures are 
given in this unit for riveting, soldering 
and the use of sheet metal screws. 


RIVETING 


Rivets are used to join two or more 
sheets of metal together permanently. The 
rivets used are generally made of alumi- 


num, copper or iron, Itis customary touse 
rivets of the same metal as the parts that 
are being joined. Round head andflat-head 
solid rivets are more commonly used. 
Tinner's rivets are used on thin black 
iron, galvanized iron, and tin plate. They 
have flat heads and are made of soft iron 
or steel. They are usually coated with tin 
as a protection against corrosion. The 
sizes are designated by the weight of 
1,000 rivets. The length of atinner'srivet 
is proportionate toits weight and diameter, 
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Fig. 5-40. All rivets of one size are the 
same length. 


The following procedure is generally 
used when riveting sheet metal: 


1. Select the rivets to be used. The size 
rivet depends on the thickness 
(gauge) of metal being joined andthe 
diameter of the rivet shank, In gen- 
eral the rivet shank should extend 
from one totwodiameters beyond the 
material. The diameter of the rivet 
should not be less than the total thick- 
ness of the pieces being joined, 

2. Lay out the location for the rivets on 
the work-piece. All ofthe holes must 


T T T TW 


]2 oz. Ilb. 28x $2 


T 
10 oz. 


Fig. 5-40. Tinner's rivets (actual size). 


be properly spaced and lined up. The 
spacing ofrivetsis determined by the 
type of material used and the nature 
of the work. For most practical pur- 
poses, a good rule is- - minimum dis- 
tance between rivets should be three 
diameters of the rivet shank, and the 
maximum, eight diameters. The dis- 
tance from the edge of the work 
should be two diameters of the rivet 
shank. 

3. Drill or punch the holes. Holes in 
thin metal are usually punched. Place 
metal over the end grain of a hard- 
wood block or a lead block. Set the 
punch over the place where the hole 
is to be punched. Strike the punch 
solidly with a hammer to form the 
hole, Fig. 5-44. To be Sure the holes 
in the pieces being joined will line 
up, drill or punch all of the holes in 
one of the pieces, and only one hole in 
the second piece. Join the two pieces 
with a rivet. Using the holes already 
drilled in the first piece as guides, 
drill the rest of the holes in the 
second piece. 
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4. Set the rivets. Place the rivet in the 
first hole with the head down on a 
flat, solid surface. If the work being 
riveted is cylindrical, place the rivet 


HARDWOOD 
END GRAIN 


E SOLID PUNCH 


Fig. 5-41. Punching holes for rivets with a solid punch. 


in the hole with the head of the rivet 
down on the crown of a stake. Place 
the hole of the rivet set over the rivet 
shank, Fig. 5-42a. Strike the rivet set 
with a hammer to flatten the sheet 
metal around the hole and draw the 
two sheets together. Keep the rivet 
set square with the surface of the 
sheet metal so it will not dent the 
work. 


RIVET SET 


Fig. 5-42. (A) Setting a rivet; (B) Heading a rivet. 


5. Head the rivet by striking the shank 
several direct blows with a hammer 
to expand the shank slightly beyond 
the hole. Form the head of the rivet 
by placing the cone-shaped depres- 
sion of the rivet set in a vertical 
position over the shank. Then strike 
the rivet set with a hammer several 
times to round off the head, Fig. 
5-42b. Be careful not todent the sheet 
metal with the rivet set. 


SHEET METAL SCREWS 


Sheet metal screws are used in sheet 
metal work to join and install duct work 
for heating, ventilation, and air-condition- 
ing. Many of our appliances are covered 
with sheet metal cases which are joined 
with sheet metal screws, These screws are 
known in the trade as self-tapping screws 
since they cut their own threads in mild 
and soft sheet metal. They are available in 
both sharp and blunt ends, Fig, 5-43. The 
blunt-end screws are generally foundtobe 
most satisfactory, but the pointed type is 
used if alignment of holes is difficult. The 


Fig. 5-43. Sheet metal screws. Left. Type A with 
sharp point. Right. Type Z with blunt point. 


sharp pointed screws are generally used 
to join material which is lighter than .050 
in. thick. The blunt end screws are used 
for sheets from ,015 to (203° in. thick. 
Sheet metal screws are available in sev- 
eral head shapes with either slotted or 
Phillips recessed heads. 


Procedure for using sheet metal screws: 


1. Lay out the holes and prick punch 

the locations. 

Choose the correct sive “Gill Irus 

5-44 and Fig. 5-45. The drill size 

should equal the root diameter of the 

screw. Drill the hole. 

3. Line up the hole and startthe screw. 
Be sure the two pieces of metal are 
held together firmly. Then fasten the 
screw in place witha screwdriver. 


i) 


SOFT SOLDERING 


Soldering is the process of fastening 


two or more pieces of metal together by 
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means of an alloy (solder) having a lower 
melting point than that of the pieces being 
joined. Soft solders are made of varying 
percentages of tin andlead. The most com- 
mon compositions are 40/60, 50/50, and 
60/40, (the first number mentioned is 
always tin). A good all-round solder con- 


Screw Metal Drill Size 
Size Thickness No. 
.018 44 
.024 42 
No. 4 030 42 
.036 40 
.018 39 
.024 39 
No. 6 .030 38 
.036 36 
.018 aa] 
.024 33 
No. 8 .030 32 
.036 31 
.018 30 
024 30 
No. 10 030 30 
.036 29 
Fig. 5-44. Recommended drill sizes for self-tapping, 


shorp pointed sheet metol screws. 


Screw Metal Drill Size 
Size Thickness No. 
.018 44 
.024 43 
No. 4 .030 42 
.036 42 
.018 SW 
.024 36 
No. 6 .030 36 
.036 35 
.024 32 
No. 8 .030 31 
.036 31 
.024 2n 
No. 10 030 27 
.036 26 
Fig. 5-45. Recommended drill sizes for self-tapping, 


blunt end sheet metal screws. 


tains 40 per cent tin and 60 per cent lead. 
This solder becomes completely liquid 
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and mobile at 460 deg. F. Somecraftsmen 
prefer 50/50 solder, also called "half and 
half." 50/50 solder becomes completely 
molten at 414 degrees F. Solder is avail- 
able in bars, solid wire, and acid or 
rosin-core wire. The last two types of 
solder have the flux in the center of the 
wire. 


Fluxes are used to remove oxide from 
the metal, and to prevent the formation of 
new oxide. Flux also lowers the surface 
tension of the molten solder so it willflow 
easily and penetrate where it should. There 
are two classes of fluxes, corrosive and 
non-corrosive. The corrosive works best 
but must never be used on electrical con- 
nections. Corrosive flux must be washed 
from the metal with warm water after 
soldering. The non-corrosive flux is used 
for all electrical work, There are many 
commercially prepared liquid, powder, 
and paste fluxes available. These work 
very satisfactorily for school shop pur- 
poses when used as directed by the manu- 
facturer, 


Soldering requires a source of heat. A 
common method used to transmit heat to 
the metal surface being joinedis by means 
of a soldering copper, Fig. 5-46. The 
working end of this tool is made of copper 
because it is an excellent conductor of 
heat. Soldering coppers are available in 
several weights. A copper weighing 1/2 Ib. 


C pH —— 


Fig. 5-46. A soldering copper. 


is best for light work, a 1 lb. copper for 
medium work, and a 1 1/2 1b. copper for 
heavier jobs. A gas bench furnace can be 
used to heat the soldering copper, Fig. 
5-47. An electric copper withinterchange- 
able tips is very convenient for light work 
and is especially good for soldering elec- 
trical connections, Fig. 5-48. 
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Soldering coppers must be tinned before 
they will do a good job of soldering, After 
a soldering copper has beenused for some 
time, or if it has been overheated the 
point becomes covered with oxide. This 


Fig. 5-47. A gos bench furnace. 
(Johnson Gos Appliance Co.) 


oxide prevents the heat from flowing to 
the metal. To tin asoldering copper follow 


this procedure: 


1. File the faces of the point witha mill 


SAMMY SAFETY 
Says: 


“Avoid breathing fumes from the sal-ammoniac---they 
cause headaches ond injure the lungs." 
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file until they are smooth, flat, and 
clean, Fig. 5-49, 

2. Heat the copper until it is hot enough 
to melt the solder. 

3. Rub the faces of the point on a sal- 
ammoniac block while the point is 
hot. 


4. Apply a little solder to the point as 
it is rubbed on the sal-ammoniac. A 
thin, bright film called tin will form 
on the point if the copper is not over- 
heated. 

5. Remove any excess molten solder 
from the point with a rag. 


Liquid flux can be used instead of the 
sal-ammoniac for tinning by dipping the 


Fig. 5-49. Cleaning the point of a soldering copper. 


point into the flux and rubbing it with 
solder. 


The following procedure should be fol- 
lowed to insure a strong, neat soldering 
job: 


1. Clean the surfaces to be soldered. 
Solder will not stick to dirty, oily, 
or an oxide coated surface. Liquid 
cleaner can be used to clean a dirty 
surface. Remove oxide from the met- 
al with abrasive cloth. 


[ev] 


Use a properly tinned copper. 

3. Keep the surfaces to be joined close 
together to insure a strong bond, 
seam, or joint. 

I 


4. Flux only the area tobe soldered. Be 


m4 ` 
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sure to use the proper flux for the 
job. 

Heat the soldering copper to the 
proper temperature. Copper should 
be hot enough to melt solder readily. 
Do not allow it to become red-hot. 
Tack the seam or joint by applying 
solder at several points. This is 
done by placing the point of the 
soldering copper on the metal where 
it is to be tacked. Hold it there until 
the flux sizzles. Then apply a small 
amount of solder tothe metal directly 
in front of the point.of the copper. 
Place one face of the copper flat a- 
gainst the metal at one end. Hold it 
there until the solder melts, Fig, 
9-98. 

Draw the copper SLOWLY along the 
seam or joint in one direction only, 


Fig. 5-50. Hold one face of the soldering copper flat 
ogoinst the surfoce of the metal. 


flowing the solder on in front of the 
point. The soldered joint or seam will 
not be satisfactory if the solder is 
just "stuck on" or melted on. 

Do not move or handle the soldered 
job until the solder has "set" and has 
partially cooled. Solder is brittle and 
weak during the process of solidifi- 
cation. 

If an acid flux has been used, wash 
off all traces of the flux withrunning 
warm water. 


mU. 


Sometimes itis necessary to solder sev- 
eral thicknesses of metal together or to 
apply one piece of metal to another so the 


solder will not show, This is called sweat 


In sweat soldering, the con- 


soldering. 
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tacting surfaces of the metalis coated with 
a thin, even coating of solder. The sur- 
faces are then placed together and heated 
with a large copper or a torch until the 
solder melts. This "sweats" the pieces of 
metal together. Use plenty of flux and be 
sure the pieces being joined are clean. 


QUIZ - UNIT 5 


l. List three major building trades 
that employ sheet metal workers. 


2, In sheet metal work a development 
or pattern is called a ---. 

3. List three kinds of pattern develop- 
ment. 

4. When cutting sheet metal that is 22 
ga. or lighter you can use straight 
snips for --- cuts and to cut large 
== Seurves. 

9. Hawk -bill snips are used for mak- 
ing - = cues. 

6. A hatchet stake can be used tomake 
--- bends. 

7. A cone-shaped piece of metal can 
be formed over a --- stake. 

8. List four sheet metal operations 
that can be performed on a bar 
folder. 

9, What is the function of the back roll 
of a forming machine? 

10. What is a hand groover? 

11. Figure the amount of material need- 
ed to make a wired edge on a piece 
of 22 ga. metal, using 1/16 in. wire. 

12. The diameter of a sheet metalrivet 
Should mot be less than the --- --- 
of the pieces being joined. 

13. A --- --- is used to "head" a rivet. 

14, Sheet metal screws are available 
in both --- and --- ends. 

15, What size drill should be used fora 
No. 6, sharp pointed sheet metal 
Screw, to join metal that is .030 
in. thick? 

16. List four forms of solders. 

17. Why must the oxide which forms on 


the point of a soldering copper be 
removed? 


FORGING 


R 


UNI 
a 


T 


One of the earliest methods of forming 
iron was by hand forging. In hand forging, 
the metal is heated in a forge and shaped 
over an anvil with hammers and tools of 
various kinds. Today, industry has speeded 
up forging for production by using various 
kinds of machine-powered hammers or 
presses that are used instead of hand 
sledges, These machines can forge such 
items as tools, axles, and crankshafts for 
an automobile engine. Some of the jobs in 
a forge shop require skill in the operation 
of power hammers, People who operate 
power hammers are called hammer- 
smiths. The hammer which moves up and 
down under power shapes the heated metal. 
The hammersmith controls both the 
strokes of the hammer and the movement 
of the metal as it is shaped. 


Drop hammermen use machines which 
have aecurately machined dies between 
which the heated metal is pounded into 
shape. These machines are used when pro- 
ducing large quantities of pieces. Black- 
smiths repair tools and equipment of vari- 
ous kinds by hand forging. They canuse all 
types of hand forging tools and equipment. 
Heaters heat the metal to the correct 
temperature and inspectors cheok the 
forged articles. 


You will find hand forging a very inter- 
esting area of metalwork. There is some- 
thing fascinating about hammering red-hot 
steel which is soft and plastic. You will 
also find forging useful in making repairs 
on metal parts around the home and inthe 
shop. 
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1. Forming metal by forging. 
2. Forging tools and equipment. 


3. Hand forging procedures. 


THE FORGE 


A forge is used to heat the metal to be 
shaped. It may be a gas or oil-fired fur- 
nace, or a coal forge, Fig. 6-1. To light a 
gas or oil furnace, place a lighted piece of 
paper in the fire box close to a burner. 


Fig. 6-1. A gas fired forge. (Johnson Gas Appliance Co.) 


Turn on a small amount of air and then a 
little fuel until the furnace lights up. As 
the furnace heats up, turn on more fuel 
and air until the flame is blue, Too much 
air causes the formation of a heavy scale 
on the metal being forged. When you are 
through using a forge, close the gas and 


air valves. 
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ANVIL 


Metal is hammered and bent into shape 
on an anvil, Fig. 6-2. The size of an anvil 


HOLE 
Mai a a PRITCHEL 


HOLE 


BODY 


Fig. 6-2. The parts of on anvil. 


is determined by its weight. Commonly 
used sizes weigh from 150 lbs. to 300 lbs. 
A 100 to 200 1b. anvilis suitable for school 
use. Most anvils have either a cast steel, 
or cast iron body. The face is made of 
hardened steel welded to the body. It is 
smooth and should be kept free of dents and 
marks. The horn which is shaped like a 
cone is unhardened but tough. It is used 
for shaping rings, hooks, andcurved parts. 
The cutting block which is located between 
the face and the horn, has a soft surface. 
It is used when cutting or chipping metal 
with a cold chisel--do not use the face for 
these operations. The hardy hole is square. 


Fig. 6-3. Anvil tools. (A) Hardy to cut hot and cold 

metal; (B) Swage to smooth round stock (they are made 

in pairs---the one that goes on top has o handle); (C) 

Fuller, to form depressions in heated metal (they ore 
also made in pairs). 
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It is used to hold square shank tools such 
as hardies, swages, and fullers, Fig. 6-3. 
The pritchel hole is used for bending small 
rods and punching holes in metal. 


HAMMERS 


Hammers and sledges of different types 
are used in hand forging, Fig. 6-4. The 
size of a hammer is given in ounces or 
pounds, The most common sizes found in 
school shops are: the ball peen, 6 oz. to 
2 1/2 lbs.; and the cross and straight peen 
blacksmith's hand hammers, 1 1/2to31/2 
lbs. These hammers are usually made of 


(A) (B) (C) 
Fig. 6-4. Forging hammers. A-Cross peen; 


B-Straight peen; C-Ball peen. 


forged steel, hardened, and given a polish- 
ed finish. 


EN 


wy SAMMY SAFETY 


$ Says: 
“Do not look into the opening of the furnoce as the 


fuel is turned on. Do not opercte the forge until your 
teacher shows you how. 


Wear a foce shield when hommering hot metal. The 
scale thot flies is hot. Weer gloves when necessary and 
use fongs when handling hot metal. Wear an asbestos 
glove on the hand holding the stock. If the piece of 
metal is too short to hold by hand safely, grip it with 
tongs.” 


FORGING PROCESSES 


The metal must be heated tothe correct 
temperature for shaping. Most mild steel 
should be heated to a good bright red. 


— — oo 
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Thinner pieces of metal require less heat 
than thicker ones. Tool steel should be 
heated to a point between cherry red and 
orange. Never allow the metal to become 
so hot that sparks fly from it, since this 
causes the metal to oxidize andburn. Never 
hammer on tool steel after it loses the 
orange color and starts turning black 
since this will cause the metal to crack. 
All forging must be done at forging temp- 
erature, also with as few heatings as pos- 
sible, because too much heating spoils the 
steel. Study each forging operation before 
starting, and have all the tools handy so 
when the metal is hot, hammering and 
forging can be done quickly. 


HOLDING WORK 


The metal to be forged must be held 
securely while it is being worked. A pair 
of tongs of suitable size and shape is used 
for this purpose. There are several sizes 


Fig. 6-5. Forging tongs: (A) Straight lip, with ''V'' notch 
in each jaw; (B) Straight lip; (C) Single pick up; (D) 
Curved lip, with fluted jaws. (Stanley Tools) 


and shapes, but the most common are 
illustrated in Fig. 6-5. The straight-lip 
tongs that have a ''V" notch in each jaw 
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are used to hold square and round shapes, 
6-5a. The other pair of straight-lip tongs 
is used to hold thin flat work, Fig. 6-5b. 
Single pick up tongs are designed for 
picking up either flat or round stock, Fig. 
6-5c. The curved-lip tongs, with fluted 
jaws are used to hold bolts andirregular- 
shaped pieces, Fig. 6-5d. The jaws of the 
tongs must close evenly on the stock 
throughout their length, Fig. 6-6. If tongs of 


RÀ —— 


Fig. 6-6. Tongs gripping piece properly. 


suitable size are not available, slight ad- 
justments can be made by heating and 
bending the jaws so that they close evenly 
on the stock. 


UPSETTING METAL 


The purpose of upsetting is to increase 
the thickness of the stock at a given point, 
This operation shortens the length of the 
piece so be sure to allow enough extra 
stock. To perform the upsetting opera- 
tion, place the stock in the fire in a posi- 
tion that will heat the portion to be upset 
to a yellow heat. If the metalis long enough, 
pick it up with one hand and place the 
heated end onthe face ofthe anvil, Fig. 6-7. 


HEATED PORTION 


Fig. 6-7. Upsetting a piece of metal. 
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Working rapidly, strike the cold end of the Place the stock on the anvil face with the 
stock hard blows with a heavy hammer. If portion to be bent down at the edge of the 
the stock bends, lay it flat onthe anvil and anvil, Strike the extended portion moder- 
straighten it with the hammer, Then con- 


tinue the upsetting process until the de- | 
sired thickness is obtained. If the stock 
becomes hard to work because of cooling, 

[m O O 


reheat it and continue the process, When T 

; s E Ë 
the stock upsets too quickly at the end, dip _ vo B= 
it inwaterandproceedinthe usual manner. 


Fig. 6-9. Steps in forging the point of a center punch. 
DRAWING OUT ate blows with the hammer to bend the 
stock down to the desired angle, Fig. 6-10, 
Angular bends can also be made in the 
hardy hole or pritchel hole of the anvil. 
Bars can often be bent in a vise. Thin 


In forging, drawing out stock means to 
lengthen the piece and to reduce a portion 
of it in size. The tapered part of a flat 
cold chisel is an example of drawing out 
metal. When forging mild steel, heat the 
portion tobe worked toa bright yellow heat. 
Then quickly place the part to be drawn on 
the face of the anvil. Hold the piece firmly 
with tongs and strike the metal a few 
heavy blows, Fig. 6-8. Hold the hammer 


Fig. 6-10. Forging a sharp bend on the anvil. 


SSS metal can be bent cold; heavy pieces must 


be heated. 


Fig. 6-8. Drawing out metal, 


so that its face is parallel with the sur- 
face of the work piece when the blow is 
struck. Continue the drawing out process, 
rotating and striking the metal first onthe 
broad face and then on the edge until the 
desired shape is obtained. While drawing 
out the metal each broad face should be 
hammered alternately. When drawing out 
metal to a round point as on a center 
punch, follow the steps shown in Fig. 6-9, 


BENDING 


To make a sharp bend, heat the stock 
at the point where the bend is to be made. 


Fig. 6-11. Steps in forging an eye. 
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90 deg. angle, Fig. 6-lla. Heat and start 
bending the end to form the eye, Fig. 
6-11b. Continue by heating and forming the 


FORMING AN EYE 


Measure the length of metal it will take eye over the anvil horn, Fig. 6-11c. Close 
to make the eye, and mark the point with a the eye by holding it over the edge of the 
prick punch. Heat the metal at this point, anvil, and striking it with a hammer, Fig. 


and bend it over the edge of the anvil to a 6 dE 


QUIZ - UNIT 6 


1. What is forging? 6. What is the proper heat for forging 
2, What is the difference between pro- tool steel? 

duction forging and the work of a 7. What is meant by drawing out metal? 

blacksmith? 8, What is the procedure for upsetting 
3. List the steps in lighting a gas metal? 

forge. 9. What are the steps for forming an 
4. What safety precautions should be eye? 

followed when lighting the forge? 10. List two safety precautions to be 
5. What are the parts of an anvil? followed when doing hand forging. 


Beoding operation on ventilotor collar---fabri- 
cating plant of Butler Steel Products Co. 


HEAT TREATMENT OF STEELS 


1. How to anneal, harden, and temper steel. 
2. How to determine different temperatures 


UNIT 
U 


Heat treating is a process of heating and 
cooling steel in certain ways to change its 
properties. By properly heat treating, 
metals can be made harder and tougher. 
After you have made a cold chisel, center 
punch, screwdriver blade or any small 
tool, it will be necessary to heat treatit to 
make it useful. If the tip of a screwdriver 
blade, for example, is too hard it will be 
brittle and chip off when used. If the tip is 
too soft it will bend, so tobe useful the tip 
of the blade must be heat treated. Tools 
must have a certain hardness, toughness, 
and brittleness to do their work. To ob- 
tain these characteristics there are four 
principal operations which may be per- 
formed to properly heat treat a piece of 
steel for its particular use. These opera- 
tions are: Hardening, Tempering, Anneal- 
ing and Casehardening. 


HARDENING 


Hardening is a process of heating steel 
to a certain temperature and then quench- 
ing (cooling) itin a suitable medium suchas 
water, oil, or brine, depending upon the 
type of steel being hardened. Hardening is 
done in a furnace heated with oil, gas, 
electricity, or solid fuel. The steel is 
first heated to the desired temperature 
above the critical range in order to get 
the correct grain structure, and is then 
cooled quickly in a quenching medium in 
order to preserve this structure. Steel 
companies can supply information con- 
cerning temperatures and quenching pro- 
cedures for their steels. This information 
is also given in Machinist's Handbooks. 
The temperature can be checked with a 
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by colors of heated metal. 
3. How to caseharden low-carbon steel. 


pyrometer attached to the furnace, a mag- 
net, or by observing the color. A py- 
rometer, which is an electric ther mom- 
eter, accurately registers the temperature 
in the furnace. Steel is magnetic until it 
reaches the critical temperature, then it 
is non- magnetic. When using this method, 
heat the metal until the magnet stops pick- 
ing it up. The metal should then be suddenly 
cooled. Determining the temperature by 
observing the color of the hot metal is not 
too accurate. However, the old time heat 
treater used this method for many years. 


The hardness depends upon the amount of 
carbon in the steel, the temperature of the 
heated steel, and the speed of cooling. 


TEMPERING 


Tempering is a process which is used 
to remove a certain degree of hardness 
and brittleness of steel and increase its 
toughness. Tempering is also referred to 
as drawing the temper. Hardened steel 
breaks easily and is too hard andtoobrit- 
tle for many tools. Therefore, itis neces- 
sary to remove some of the hardness by 


softening the metal. Steel can be tempered 
using the color method as a guide to the 
proper temperature. The temper is gauged 
by the colors formed on the surface as the 
heat increases, Fig. 7-1. Amodern method 
which is used when a quantity of pieces are 
to be tempered, is to place the hardened 
metal in a bath of molten lead, heated oil, 
or other liquids and heat them to the re- 
quired temperature. The metal isthenre- 
moved from the bath and quenched. The 
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bath method does a more uniform job of 
tempering, and the temperature can be 
held to close limits. 


Degrees i 
F 
Fahrenheit Colors For Tempering 
440 Yellow 
460 Straw-yellow 
470 Straw 
500 Brown 
520 Brown-purple 
540 Purple 
570 Blue 
Fig. 7-1. Colors for tempering. 
ANNEALING 


Annealing is the opposite of hardening. 
It is a process of softening steel tomake it 
easier to machine, cut, stamp, or shape, 
and to relieve stresses and hardness re- 
sulting from cold working. In annealing, 
the metal is cooled as slowly as possible. 
The slower the cooling, the softer it is 
when cold. To anneal steel, heat it slowly 
to the critical temperature. Cool it slowly 
by packing it in hot ashes to keep the air 
away or it may be cooled off with the 
furnace, 


CASEHARDENING 


Casehardening is the hardening of the 
outer surface of metal. Only low-carbon 
steel and wrought iron can be caseharden- 
ed. This process adds a small amount of 
carbon to the case (outside) of the metal 
part so it can be heat treated and made 
hard. The center, or core of the metal re- 
mains soft, Casehardening is done to parts 
which need a hard wearing surface such 
as gears, screws, hand tools, and roller 
bearings. Industry uses several methods to 
caseharden parts, Cyaniding is a common 
one and is done by placing the metal in a 
bath of molten cyanide. This method is too 
dangerous however for school shops. Car- 
burizing is another method. This work is 
placed in a metal box containing a mixture 


of bone, leather, charcoal, and carburiz- 
ing materials, The container is then sealed 
and heated to about 1650 deg. F. so the 
piece soaks up the carbon and forms a high 
carbon case on the outside. The piece is 
cooled in the carburizing box. Take the 
piece out of the container, reheat it to the 
critical temperature and quench. 


HEAT TREATING PROCEDURE 


Many of the projects made in the school 
shop require heat treatment. Coldchisels, 
center punches, hammer heads, and small 
parts can be heat treated very successfully 
with inexpensive equipment. The source of 
heat can be a small gas or oil-fired fur- 
nace, Fig. 7-2,blowtorch, forge, gas weld- 
ing torch, or a bench soldering furnace. 
The quenching bath can be a pail of water, 


Fig. 7-2. A gas fired heat treating furnace that will 
reach 2300 deg. (Johnson Gas Appliance Co.) 


tempering oil, or brine, depending on the 
type of metal. Forging tongs can be used 
to hold the hot metal. 


school 
It is 


The steel used in most 
shops is a water-hardening type. 
generally in an annealed state ready for 
cutting, drilling, filing, or machining. If 
necessary to heat the metal 


tool 


it becomes 
for certain operations, you will have to 
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anneal it again if more cutting or shaping 
has to be performed. Annealing, harden- 
ing, and tempering operations may occur 
as a series of steps in the heat treatment 
operations, or annealing may be a sep- 
arate process to remove internal strain 
developed while the metal is worked. 
Hardening may be done without perform- 
ing either of the other processes, Temper- 
ing always follows annealing and harden- 
ing. Following is the procedure you may 
use to heat treat shop projects: 


ANNEALING 


1. After the piece has been forged to 
shape, heat it throughout the portion 
to be annealed. A moderate flame 
should be used if gas is the source 
of heat. 

2. Turn the metal as it is heated until 
it reaches a cherry red or the color 
just below the critical range of the 
steel being annealed. 

3. Remove the metal from the heat and 
cover it immediately with pulver- 
ized coke or air slaked lime. Keep 
the metal covered until it is cold. 


HARDENING 


1. Heat the metaltoits critical temper- 
ature. For example, .70 to .90 car- 
bon, water-hardening, tool steel is 
heated to about 1450-1550 deg. F. 
The color closest to this tempera- 
ture is a cherry red to a bright red, 
Fig, 7-3. Be sure to have Wie metal 
heated uniformly. 


2. Quench the metal quickly in the cor- 
rect cooling solution, Whirl the metal 
around in the solution so it will cool 
quickly and evenly, Fig. 7-4. Water 
is used for most tool steels. The 
temperature of the water should be 
between 60 to 80 deg. F. 


3. Check the metal for hardness by run- 
ning a new file across a corner or 
edge. If the metal is hard, the file 
will not cut in. 


Degi iE 
(58 Red heat (visible in 
the dark) 
975. Red heat (visible in 
the daylight) 
1292 Dark red 
1472 Dull cherry-red 
1652 Cherry red 
1932 Bright cherry red 
2190 Lemon yellow 
2300 White 
2500 Welding heat (sparks 
fly) 


Fig. 7-3. Colors for judging high temperature. 


TEMPERING 


The entire piece of metal can be temp- 
ered by heating it in a furnace to the 


à 


Fig. 7-4. Quenching heated steel. Whirl the metal in a 
circular motion, with a slight up and dawn movement 
at the same time. 


temperature which will produce the degree 
of toughness and hardness desired, Fig. 
7-5, Remove the piece and cool it quickly 
in the correct quenching solution. 


To draw the temper on small tools such 
as center punches, screwdriver blades, or 
cold chisels, the following procedure may 
be used: 


1. Harden the entire tool. 

2. Polish about one inch of the surface 
at the cutting edge or point with ab- 
brasive cloth. This will make it 
easier for you to see the change of 
colors as the heat travels toward the 
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point or cutting edge of the tool. 

3. Heat the metal slowly and uniformly 
back of the polished surface. Watch 
carefully for the colors as they 
travel toward the hardened end. The 
colors generally appear in the fol- 
lowing order--pale yellow, straw 
color, light brown, light purple, blue- 
red, blue, and finally gray. 

4, When the proper color appears at 
the cutting edge or point, plunge the 
metal into the quenching solution 
quickly, and move it in a circular 
motion until completely cooled. 

5. Check the tool for hardness by us- 
ing it on a scrap piece of metal. If 
the piece chips, it is too hard and 
must be heated to a color of a 
slightly lower degree of hardness 


Des. F. Color Tools 
430 Pale yellow Hammer faces, 
Scribers, Scrap- 
ers, 
460 Straw yellow Center punches 


Cold chisels 
Serew drivers 


500 Brown 
540 Purple 


Fig. 7-5. Tempering colors for common tools, 


and cooled as before. If the point or 
edge bends under practical use, itis 
too soft and must be hardened and 
tempered again. 


The Sand Box method is another way 
which can be used to temper smallpieces. 
This is done by placing the hardened tool 
(polished as described in Step 2) in the 
sand with the point sticking out. Heat the 
sand in the bottom of the metal box. Watch 
the temper colors as they travel toward the 
point. When the correct color reaches the 
point, remove the tool with tongs and cool 
it quickly. 


Hardening and tempering may be per- 
formed with one heat. This is done by heat- 
ing the metal to the proper tempering 
temperature, Remove the tool from the 


heat, and quickly clean the point with 
abrasive cloth. Then insert the tool in the 
cooling solution and remove it quickly. 
Watch the colors carefully as they appear. 
When the proper color appears at the work 
end, quickly plunge the tool in the cooling 
solution and move it around in a circular 
motion, with a slight up and down motion, 
The up-and-down motion helps prevent 
fractures or checks at the line where the 
tool is placed in the cooling solution. 


CASEHARDENING 


1. Place the pieces to be casehardened 
in metal boxes or pipes. 

2. Pour Kasenite (a non-poisonous 
commercial compound) around them, 
Be sure the pieces are completely 
surrounded with the compound, 

3. Place the lid on the box and put it 
in the furnace. 

4. Heat the box to about 1650 deg. F. 
The depth of casehardening will de- 
pend upon the length of time the part 
is kept hot. A depth of approximately 
1/32 in. is obtained if the packed 
metal is held at the above tempera- 
ture for about four hours. 

9. Remove the box from the furnace and 
allow it to cool. 


SAMMY SAFETY 
Says: 


“When working with hot metal be coreful not to burn 


yourself or another person. Always weor protective 


clothing." 


6. Reheat the parts to about 1600 deg. 
F. and quench in water, This will 
give the metal a hardened case and 
leave the core soft. 


Simple casehardening can be done by 
heating the metal to a bright redand plac- 


ing it in a container filled with a com- 
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Hot metal pouring operation at Ford Motor Company's foundry in Clevelond, Ohio. 


mercial hardeningcompound. Roll or move 
the metal around in the compound. The 
compound will melt and adhere to the 
surface of the metal, forming a hardcoat- 
ing of steel aroundit. Reheat the metalto a 
bright red color and plunge it into clean, 
cold water. If a deeper case is desired, 
repeat the above steps. 


HEAT TREATING OCCUPATIONS 


The heat treating process is highly 
scientific and procedures vary with the 
many kinds of metals being used in in- 
dustry. The heat treater must have a 
knowledge of chemistry and physics, In- 
dustries where foundry, forging, and ma- 
chining of metal is done require the 
services of skilled heat treaters. Today 
most of the heat treating is automated; 
however, the technicians, engineers, and 
inspectors are responsible for obtaining 
the correct metal characteristics withthe 
automatic equipment. 
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1. Why is it necessary to heat treat a 


T2 


cold chisel? 

List the three characteristics tools 
should have to do their work. 

How is tool steel hardened? 


Describe one method for drawing the 
temper on a center punch. 

Three cooling solutions are ---, ---, 
and —— 

Steel is magnetic until it reaches the 
--- temperature, 

Tempering tool steel removes a cer- 
tain degree of --- and ---. 

Why does hardened steel have to be 
tempered for many tools? 

Describe how tool steel is annealed. 
Tempering always follows --- 


and 


Why should the metal be moved in a 
circular motion in the cooling solu- 
tien? 

Can hardening and tempering be per- 
formed with one heat? 

What is casehardening ? 

Are all steels of the water-hardening 
type ? 

The pack method of carburizing is a 
method used to --- metal. 


FOUNDRY 


1. Principal methods of casting metal. 
2. Some of the characteristics of a 
A~ good pattern. 


3. How t k : 
UNT. — 4 Howto make a sand mold. 


The foundry process is a vital link inthe 
chain of metal industries. Most of the metal 
products we use every day contain some 
cast parts. The automobile, bicycle, re- 
frigerator, plumbing fixtures, and many 
other items around the home have foundry 
made parts. Founding is a process of pro- 
ducing metal objects by pouring molten 
metal into a hollow mold made usually of 
sand. Articles produced by founding are 
called castings. 


Founding provides many jobs forlabor- 
ers, semi-skilled workers, skilled work- 
ers, technicians, and engineers, The en- 
gineer and the metallurgist are responsi- 
ble for controlling the quality of the metal 
required for the objects to be cast. Highly 
skilled woodworkers and metalworkers, 
called patternmakers, make the patterns. 
Molders ram up the molds. Coremakers 
are a specialized group of workers who 
make the cores. The melter operates the 
furnace which melts the metal and the 
metal is poured into the molds by the 


pourer. Chippers, grinders, and finishers 


clean up the castings. 


METHOD OF CASTING 


Green sandcasting is a method generally 
used in school shops. A material, consist- 
ing of a mixture of sand and clay is 
rammed into a mold. Molten metal is 
poured into a cavity formed in the sand 
mold, After the metal has solidified, the 
molds are broken up and the sand is used 
for another mold. 


Permanent molds are used for produc- 
ing large quantities of identical pieces, 
These molds are made of steel andthey are 
used primarily for casting nonferrous 
metals such as aluminum, brass, and 
bronze. 


Investment casting, which is sometimes 
referred to as lost wax casting, is used for 


casting jewelry, dental structures and 
parts requiring very close tolerances. In 
the process a wax pattern is coated with 
an investment powder which hardens form- 
ing a shell around the wax. The wax is 
then melted out leaving a cavity into which 
the molten metal is poured. 


Die casting is a method of casting non- 
ferrous metals in which the molten metal 
is forced into a steel mold or die under 
pressure. Castings can be made quickly 
and economically on automatic machines 
by this method. Die castings can be pro- 
duced with finer finish, detail, and greater 
accuracy than ordinary sand castings. 


A foundry in the school shop providesa 
means for making many interesting proj- 
ects such as wall plaques ash trays, lamps, 
candlestick holders, parts for home work 
shop tools, and machines to mentiona few, 
By using a little imagination and creative 
ability, you will be able to design and make 
some very useful projects in this area. 


PATTERNMAKING 


Patterns are needed to form the cavity 
in the sand mold into which molten metal 
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is poured. They may be made of wood, 
metal, plaster of Paris, or wax. A metal 
pattern lasts longer and keeps its shape 
better. Metals commonly used are alumi- 
num, cast iron, steel, and brass. Woods 
generally used for patterns are white pine, 
mahogany, cherry, maple, birch, and fir. 
White pine is usually preferred because it 
works easily, is readily glued, and is 
reasonably durable. Wood patterns should 
be varnished to protect them against 
moisture. Coloring powders can be added 
to the varnish to identify various parts of 
the pattern. You can probably find many 
articles around your home which may be 
used as patterns for foundry work. Small 
trays, plaques, paper weights, book ends, 
etc. make ` good patterns providing they 
have enough draft to be pulled. 


Draft refers to the taper on a pattern 
that makes it possible to remove it easily 
from the sand mold, Fig. 8-1. If a pat- 
tern does not have enough draft, the mold 


DRAFT 


FILLET 
CORE PRINT 


Fig. 8-1. Split pottern. 


will break when the pattern is pulled. Asa 
general rule each side should be tapered 
1/8 in. for each foot of surface to be 
drawn. Fillets are used in sharp internal 
angles, Fig. 8-1. These fillets can be made 
of wax, leather, or wood. 


Metal takes up more space whenit is hot 
than when it is cold. Therefore, the pat- 
tern must be made larger to allow for this 
shrinkage. For example, castironshrinks 
about 1/8 in. to the foot, so the rule in 
reality would be 12 1/8 in. long. The addi- 
tional length is gradually gained in the 
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length of the rule. The shrinkage allowance 
varies with the kind of metal being cast, 
and the size and shape of the casting. To 
compensate for this contraction of the 
castings in cooling, the following allow- 
ances are made: cast iron 1/8 in, per ft., 
yellow brass 7/32 in. per ft., aluminum 
1/8 to 5/32 in. per ft. If the cast piece is 
to be machined, the pattern should be 
large enough to produce a piece that can be 
cleaned up leaving no rough spots or flaws 
after it has been cut to size. ` 


CORES 


A core is used in molding toforma hole 
or hollow space in a casting, Fig. 8-2. 
Cores are made from washed silica sand 


Fig. 8-2. Core in mold. 


and a bonding material. The sand and 
binder is mixeduntilthe binderis uniform- 
ly distributed in the sand. The core sand 
is molded to shape in acore box, Fig. 8-3, 
Core prints are provided on patterns to 


Fig. 8-3. Core box. 


PATTERN 


BOARD 


RIDDLE 


Fig. 8-4. Left, Pattern ond drog placed on molding board. 
Fig. 8-5. Right, Riddling molding sond over pattern.. 


form recesses in the mold to support the 
core, Fig. 8-1, The core is thenturned out 
onto a plate and bakedinanoven. The oven 
temperature and baking time depends on 
the size of the core and the kind of binder 
used, The temperature and baking time 
should be controlled to produce a core with 
enough hardness and strength to withstand 
the flow ofthe molten metal, as itis poured 
into the mold cavity around the core. Wires 
can be embedded in large coresto provide 
additional strength in sections requiring 
greater strength. Large cores should be 
vented to permit passage of mold gases. 
If the core has two or more partsthat are 
to be assembled, they can be bonded to- 
gether with a flour paste. To improve the 
surface smoothness, coat the core with a 
wash of either talc or graphite. 


MAKING A SAND MOLD 


1. Prepare the molding sand by mixing 
and tempering. To temper the sand, 
sprinkle it with a little water and 
mix with a shovel, until all the 
lumps have been removed. The sand 
is properly tempered if a lump 
squeezed in your hand remains ina 
lump, retains the sharp impres- 
sions of your fingers, and leaves 
the hand clean. When the lump is 
broken it should break with clean, 
square edges. If the sand sticks to 
your hand it is too wet, Properly 


tempered sand is necessary to get 
good castings. If the sand is too 


damp when the melted metal is 


TS 


poured into the mold, steam will 
form faster than it can escape 
through the pores of the sand. 
Place the drag half of the flaskona 
molding board withthe pins pointing 
down, Fig. 8-4, Place the pattern in 
the center with its flat sidedownon 
the board. Dust the pattern withjust 
enough parting compound to cover 
its surface, 

Set the riddle on top of the drag and 
fill it with sand. Riddle the sand 
over the pattern until it is covered 
1 im, or more, Pipe mrs. 

Pour the rest of the sand left inthe 
riddle into the drag. Shovelinmore 
sand until the drag is heaping full. 
Press the sand down inthe dragand 
around the pattern withthe peenend 
(small, end) of the rammer, Fig. 8-6. 
The large end of the rammer isthe 


ac SUT 


RAMMER 


Fig. 8-6. Romming the sand down in the drag ond 


around the pattern. 
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butt. Be careful not to strike the 
pattern, or the edges of the drag. 
Ram the sand in firmly around the 
pattern, and drag with the butt end. 
Properly ramming the sand is very 


important. If it is not rammed 
enough the sand may not be packed 
around the pattern firmly enoughto 
give a good, sharp impression. If 
the sand is rammed too tightly the 
pores will not be large enough to 
allow the hot gasses formed in the 
mold to escape. 

Strike off the excess sand onthe top 
of the mold with a strike bar, Fig. 
8-7. Sprinkle a handful of sand over 
the mold and lay a bottom board on 


STRIKE BAR 


Fig. 8-7. Striking off excess sand with the strike bar. 


the top. Move the bottom board back 
and forth, pressing down at the same 
time, until it sets firmly against the 
edges of the drag, 

Holding the mold board, drag, and 
bottom board firmly, carefully roll 
the drag over. The pins are now 
pointing up, the bottom board is at 
the bottom and the molding board is 
on top. 

Remove the molding board. The flat 
side of the pattern is now visible. 
Check the surface of the sand and 
smooth with the slick, spoon, trow- 
el, and lifter if necessary, Fig. 8-8. 
Also be sure the sand is packed 
around the edges of the pattern. 
Carefully blow off any extra parti- 
cles of sand. 

Dust some parting compound over 
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the pattern, and sand to keep the two 
halves from sticking together. Set 
the cope part of the flask on the drag, 
Fig. 8-9. Insert the sprue pin and 
riser pin. The sprue pinisa tapered 


€ 


Fig. 8-8. Molders tools. (A) Slick and spoon; (B) 


10. 


15 


Trowel; (C) Lifter. 


wooden or metal pin that is used to 
make a hole in the cope through 
which the metal is poured into the 
mold. The riser which has notaper, 
is used to make a hole for the metal 
to rise in and make up for some of 
the shrinkage when the metal cools. 
Riddle sand into the cope, and ram 
as in Steps 3, 4, 5, and 6. 

Vent the mold over the pattern so 
air, steam, and gas can escape as 
the,molten metal is poured into the 
mold. This will help prevent the 
mold from exploding and keep blow 


Fig. 8-9. Cape set on drag with riser pin and sprue 
pin in place. 
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holes (holes made by bubbles) from 
forming in the casting. A 1/16 in. 
welding rod slightly pointed on one 
end makes an excellent vent rod, Do 
not damage the pattern. A safe 
method is to push the vent rod into 
the mold slowly until it touches the 
pattern, and then pull it back about 
1/4 in. Grip the vent rod at this 
level with your fingers. Punch sev- 
eral holes in the mold over the pat- 
tern, being careful to stop whenthe 
tips of your fingers touch the sand. 


12, Remove the sprue pin, andthe riser 
pin. Shape the top of the sprue hole 
like a funnel, with your fingers. Be 
sure there is no loose sand around 
the sprue and riser holes. 

Lift the cope section of the flask off 
and lay it on its edge. Carefully 
moisten the sand around the pattern 
with a camel's hair brush or wet 
bulb. 

This makes the sand around the 
pattern firmer, and keeps the mold 
from breaking when the pattern is 
removed. 


Sig 


14. Place a draw pin in the pattern. If 
the pattern is metal the draw pin has 
threads on one endthat are screwed 
into a taped hole in the pattern. A 
sharp pointed spike or alarge wood 
screw may be used as a draw pinto 
remove a wood pattern. Rap the 
draw pin on all sides until the pat- 
tern is completely loose inthe sand. 
Carefully and with a steady pull, 
lift the pattern straight up from the 
mold. If there is alittle breaking off 
of the sand, repair it witha molder's 
tool. 

Cut a small gate (channel) in the 
sand of the drag from the cavity 
made by the pattern to the place 
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SAMMY SAFETY Says: 


“Do not get the sond too wet. Water is on enemy of 
molten metal.” 


PT 


where the sprue is located, The 
width and depth of the gate will vary 
according to the size ofthe casting. 
The larger the casting, the larger 
the gate. For small plaques or book- 
ends, the gate should be about 1/2 
in. deep and 1 in. wide. A piece of 
sheet metal 3 in. square, bent intoa 
U-shape, makes an excellent gate 
cutter. Cut away a little sand at a 
time until the gate is completed, 
Now cut a gate betweenthe riser and 
the cavity. Patch up any small 
breaks that have occurred in the 
mold. Blow off allloose sand with 


the bellows, Itisextremelyimport- 
ant that all particles of loose sand 


are removed from the gates and 
cavity. Small particles of sand in 


the mold will cause the casting to 
have pinholes. 


16, Carefully replace the cope section 
on the drag. Check to be sure the 
mold is completely closed. Place a 
flask weight on top of the mold to 
keep the molten metal from lifting 
up the sand. Set the mold on the 
floor. It is now ready toreceive the 
melted metal. 


To make a mold with a split pattern, 
follow the same steps as described above 
except that half of the pattern is rammed 


up first in the drag. After the molding 
board is removed the other half of the 
pattern is put in place on the half in the 
drag. The cope section of the flask is put 
in place and the steps described are fol- 
lowed. When molding a split pattern, the 
largest half of the pattern should be ram- 
med up in the drag, 


MELTING FURNACE 


There are several kinds of furnaces for 
melting metal. Commercial foundries use 
cupola furnaces to melt large amounts of 
metal. In a school shop where only asmall 
amount of casting is done a small melting 


furnace is used suchas shown in Fig. 8-10, 
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This furnace will melt aluminum, brass, 
and other light metals. Lead, tin, and some 
alloys can be melted in a large soldering 
furnace, forge, or with a gas welding 
torch. However, a melting furnace and 


ff 


Fig. 8-10. Melting furnace. 
(Johnson Gas Appliance Co. ) 


a crucible is the safest and best method. 
The crucible can be used as the pouring 
ladie. Lifting tongs are used to pick up 
the crucible and place it in the crucible 
shank for pouring. Fig. 8-11, gives the 
melting points of common metals. 


Degrees 
ares Fahrenheit 
Solder (50/50) 400 
Pewter 420 
Tin 449 
Lead 621 
Zine 787 
Aluminum We 
Brass 1700 
Silver 1761 
Copper DOS 


Fig. 8-11. Melting points of metals. 


POURING THE METAL 


1, Select a crucible which is large 
enough to hold enough metal to fill 
the cavity, sprues, and risers. Fill 
the crucible with the pieces of metal 
to be melted. 
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Place the crucible in the furnace. 
Light the furnace and heat until the 
metal reaches the pouring tempera- 
ture. Do not overheat. Overheated 
metal will produce defective cast- 
ings. 

Turn the furnace off. First turn off 
the air, then the gas, Add flux 
(commercial fluxes are used for 
aluminum, brass, and other alloys) 
to purify the metal. Stir the metal to 
bring the impurities to the top. Skim 


SAMMY SAFETY 
Says: 


“Dress properly when working with molten metal. 
Wear a pair of clear goggles, leggings, and asbestos 
gloves. 

Never stand or look over the mold during the pouring 
or immediately after the pouring because the molten met- 
al might spurt out of the mold. 

Do not light the furnace until you have your teacher's 
permission. If cold metal must be added to melted metal, 
be sure it is perfectly dry, and thot tongs used are also 
perfectly dry, or an explosion will result." 


off the impurities (called slag). 
Remove the crucible from the fur- 
nace with the crucible tongs, and 
place it in the crucible shank. Pick 
up the crucible shank so you are in 
a comfortable position. Stand to one 
side of the mold and pour the metal 
as quickly as possible into the mold 
in a steady stream. It must be poured 
rapidly enough to keep the gate and 
sprue full until the mold is filled. 
After the metal has cooled, shake out 
the mold and remove the casting. The 
casting may still be hot so handle it 
with tongs. 


QUIZ - UNIT 8 


1. List four jobs in commercial foundry 
work and describe each one. 

List the principal methods of casting 
metal. 
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3. Name five kinds of wood used for pat- 
ternmaking. 

4. What is meant by "draft?" 

9. Give two reasons why pattern must 

be larger than finished casting. 

What is the purpose of a core? 

. What is the purpose of "core prints?" 

What is a flask? 

. What is the difference between the 
drag and the cope? 
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10. How is molding sand tempered? 

11. Describe the purpose of the riser and 
the sprue. 

12. What is the purpose of the gate? 

13. Why is parting compound dusted on the 
pattern? 

14, How should you be dressed 
pouring molten metal? 

15. Why is water an enemy of molten 
metal? 


when 


MACHINE SHOP 


UNIT 


VU 


1. Using measuring tools to take 
accurate measurements. 
2. Machining metal on the lathe. 


3. Information about the metal 
shaper and milling machine. 


The machine shop plays an important 
role in the field of industry. Machine tools 
cut and shape metal more rapidly and 
more accurately than can be done by hand. 
The progress of industrial manufacturing 
and mass production depend upon machine 
tools, A skillful craftsman in metalwork 
should acquire an understanding of ma- 
chine shop processes, and particularly the 
ability to work with accuracy and close 
tolerances. 


There are many opportunities in the 
machining occupations for the bright and 
ambitious person. A skilled machinist is 
always in demand. There are thousands of 
craftsmen employed in skilled and semi- 
Skilled machining occupations which in- 
clude machine tool operators, all-round 
machinists, tool and diemakers, set up 
men, and layout men. The tool and die- 
maker is a highly skilled craftsman inthe 
metalworking field. He able to 
operate machine tools and use precision 


must be 
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measuring instruments. Other require- 
ments include a knowledge of mathematics, 
blueprint reading, and machine operations. 


MEASURING TOOLS 


Measuring carefully and accurately is 
essential to good machine work. As a be- 
ginning machine shop student, you will 
want to learn to take accurate measure- 
ments with some of the basic devices 
used by the machinist, Some information 
on measuring tools was given in Unit 4. 
In this Unit we will discuss Inside and 
Outside Calipers, and the Micrometer. 


OUTSIDE CALIPER 


This tool is used to take external meas- 
urements of cylindrical stock. To set an 
outside caliper, hold the instrument inthe 
right hand and a scale in the left hand, 
Fig. 9-1. Omne leg of the caliper i5 Sup- 
ported against the end of the scale with a 
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finger, Adjust the other leg until it splits 
the line on the scale which represents the 
correct measurement. Totake a measure- 
ment, hold the caliper at right angles to 
the center line of the work and push it 


Fig. 9-1. Setting an outside caliper. 


gently back and forth across the diameter 
of the cylinder to be measured, Fig. 9-2. 
The caliper is properly adjusted when it 
will slip over the piece with a very slight 
drag. Do not force the caliper over the 
work since this will spring the legs and 
the measurement will not be accurate. 


Fig. 9-2. Taking a measurement with an outside caliper. 


INSIDE CALIPER 


An inside caliper is used to gauge in- 
side diameters. To set an inside caliper 
for a desired dimension, hold a scale 
square on a flat surface. Then rest one 
leg of the tool on this surface at the edge 
and end ‘of the scale. Adjust the other leg 
until it centers the proper graduation on 
the scale, Fig. 9-3. To take a measure- 
ment with an inside caliper, place it in 
the hole as indicated in Fig. 9-4. Adjust 
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Fig. 9-3. Setting on inside caliper. 


the caliper until it will slip into the hole 
with a very slight drag, Totransfer meas- 
urements from an inside caliper to an 
outside caliper or vice versa, rest the 
point of one leg of the inside caliper on 
the point of an outside caliper, Fig. 9-5, 
Pivot the top point of the inside caliper in 


Fig. 9-4. Taking a measurement with an inside caliper. 


and out of the top point of the outside 
caliper. Adjust the thumb screw until the 
leg drags slightly as it contacts the leg of 
the outside caliper. 


MICROMETER 


A micrometer is a precision measuring 
tool which is used by the machinist. He 
calls it a "mike." Micrometers are made 
in different sizes and styles, The outside 
mike which will be described in this unit 
resembles a C clamp, Fig. 9-6. It has 40 


Fig. 9-5. Transferring measurements. 


| 
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threads per inch on the screw. One com- 


plete turn of the thimble moves the 


spindle 1/40 in. or 0.025 in. The thimble 
is marked off in 25 equal parts, each of 
1/1000 in. 


which is or 0.001. On the 


LOCK NUT 


y FRAME 


Fig. 9-6. Parts of o micrometer. (The L. S. Starrett Co.) 


sleeve there are 40 lines to the inch. 
Every four divisions on the sleeve are 
marked 1, 2, 3, etc., which represents 
DOES 0.200, 0,300 inp ete: 


READING THE MICROMETER 


1. Turn the thimble until the spindle is 
closed against the anvil. The read- 
ing should be zero withthe 0 mark on 
the thimble directly over the 0 mark 
on the sleeve. 

2. Back off the thimble slowly. Aseach 
mark on the thimble passes the hori- 
zontal line on the sleeve the micro- 
meter has been opened 0.001 in. When 
the thimble has been backed off one 


complete turn, 25 of these marks 
have passed the horizontal line on the 
sleeve and the micrometer has been 
opened 0.025 in. 

3. To read the micrometer, first take 
the reading onthe sleeve andthen add 
to it the reading on the thimble. For 
example in Fig. 9-7, you can see two 


<1 10 
m 
5 

af 


0.155 


Fig. 9-7. One hundred fifty-five thousondths of 
on inch (0.155). 


divisions past the 1 on the sleeve, or 
six full divisions. The thimble read- 
ing is 5. Your reading wouldbe 0.155 
in. (0,025. in. € 6 = 0.150 iin. + -005 
in. = 0.155 in.) Look at the microme- 
ter settings in Fig. 9-8, and see if 
you can read them. 


Fig. 9-8. ''Mike'' readings. (A) One hundred thousandths 

of an inch (0.100); (B) Two hundred fifty thousandths of 

en inch (0.250); (C) Three hundred twenty-five thau- 

sandths af on inch (0.325); (D) Three hundred twenty- 
seven thousondths of an inch (0.327). 

mike, 


After vou learn to read the 


practice using itby measuring some pieces 
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of stock. When using the mike, hold it in 
the right hand and screw the thimble down 
until it lightly touches the stock, Fig. 
9-9. Be careful not to screw it down too 
tight. Take the reading. Back the spindle 
off the stock and remove the mike and put 
it in a safe, clean place; Do not mike a 


piece of metal while it is turning in the 


Fig. 9-9. Toking o measurement with a micrometer. 


lathe. 
other objects or drop it, 
destroy its accuracy. 


Never tap a micrometer against 
since this may 


THE METAL LATHE 


A metal lathe is used to cut and shape 


metal by revolving the piece against a 
cutting tool which is clamped on a movable 
carriage mounted on the lathe bed. They 
are used to perform many processes, in- 
cluding turning down metal rods, facing, 
cutting off, turning tapered sections, cut- 
ting threads, drilling, and boring. 


The principal parts of the lathe include 
the headstock, tailstock, bed, carriage, and 
the feeding and threading mechanisms, 
Fig. 9-10. After you become familiar with 
the names and location ofthe various parts 
of the lathe, get permission from your 
teacher to move the different handles and 
levers by hand, with the power off, to see 
what they do. All parts should move easily, 
never force them. 


TURNING BETWEEN CENTERS 


1, Carefully locate the center on both 
ends of the stock to be turned. The 
center of round stock may be lo- 
cated using the centerhead of the 
combination set, Fig. 9-11. Rec- 
tangular and square pieces are 
easily centered by drawing diagonal 
lines nisa Zz: 


Fig. 9-10. Principal parts of a metal lothe. 
(South Bend Lathe) 


Back Gear Cone Pulley Heodstock Tool Saddle 
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Fig. 9-11. Locating the center of round stock. 


Center punch the center point on 
each end of the stock, 

Check the alignment of the lathe 
centers, Fig. 9-13. The live center 
should run true. Carefully bring the 
dead center to within 1/16 in. ofthe 
live center. If the points of the two 


Lx X< 


Fig. 9-12. Locating the center of square and 


rectangular stock. 


LIVE CENTER DEAD CENTER 


HEADSTOCK TAILSTOCK 


Fig. 9-13. Checking alignment of lathe centers, 


looking from above. 


centers are not in line, move the 
tailstock over by adjusting the set- 
over screws, Fig. 9-14. 

Remove live center and replace it 
With a drillchuck, Fig. 9-15. Fasten 


Fig. 9-14. Setting tailstock. 


Fig. 9-15. Remove live center fram headstock with a 
knockout rod. Hold the center so it will not fall and 


damage the point. 


a combination drill andcountersink 
imthe chuck, Fig. 9-16, 

Move the tailstock to such a posi- 
tion that the work just fits between 
the point of the drill and the dead 
center, and clamp the tailstock in 
place. 


Fig. 9-16. A combination drill and countersink. 
(Cleveland Twist Drill Co.) 


Ge 


EST 
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Put the center-punch mark of one 
end of the stock on the drill point. 
Holding the work piece steady, turn 
the tailstock wheel tobringthe dead 
center into the other center-punch 
mark carefully, Fig. 9-1'7, 

Apply lard oil or cutting compound 
to the drill whendrilling steel. Cast 


Fig. 9-17. Center drilling on the lathe. 
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iron should be drilled dry. 

8. Hold the work with the left hand 
and start the lathe and feed by turn- 
ing the tailstock spindle handwheel 
slowly until the center hole is drill- 
ed to the correct size, Fig. 9-18. 
Reverse the work in the lathe and 
drill the other end. 

9. Remove the drill chuck and screw 


Fig. 9-18. Center drilled holes. (A) Properly drilled; 
(B) Drilled too deep. 


a faceplate onthe headstock spindle. 
Clean and oil the threads of the 
headstock spindle and faceplate. 
Place a board across the ways of 
the lathe and screw the faceplate 
onto the spindle until it is tight 
against the shoulder, Never bring 
the faceplate against the spindle 
shoulder with a bang since this will 
make it difficult to remove. 

10. Clean out the spindle hole witharag 

and insert the live center. 

Clamp the smallest size lathe dog 

that will fit on one end of the work 

piece. 

12. Place a small amount of white lead 
lubricant in the center hole at the 
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TAILSTOCK SPINDLE 
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Fig. 9-19. Wark mounted between centers. 


tailstock end. Insert the work be- 
tween the centers and screw up the 
tail center just snug enough to pre- 
vent the lathe dog from chattering 


when machine is in operation, Fig. 
9-19. 


13. Choose the proper lathe tool cutter 
bit for the job, Fig. 9-20. 
14. Insert the tool holder in the tool 


post. Insert the cutter bit in the tool 


hi 


BORING INTERNAL THREADING 


Fig. 9-20. Common lothe cutting tools. (A) Left-hond 
turning tool; (B) Round-nose turning tool; (C) Right-hand 
turning tool; (D) Left-hand facing tool; (E) Threading 
tool; (F) Right-hand facing tool; (G) Porting or cut-off tool. 


holder and tighten. Adjust the cutter 
bit and tool holder so the cutting 
edge of the tool is at the height of 
the lathe centers or a little above f 
as shown in Fig, 9-21. 

15. Adjust the lathe for the proper speed I 
and feed. The cutting speed varies 13 


TOOL HOLDER AND CUTTING 
TOOL CLAMPED SHORT I 
A 
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TOOL POST 
TOOL HOLDER— 
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: COMPOUND REST 
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Fig.9-21. Tool holder and cutting tool properly odjusted. 
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Dia. 
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for different metals and for differ- 
ent sizes of stock. Feed is the dis- 
tance the carriage, carrying the 
cutting tool, travels along the bed 
with each revolution of the spindle. 
pus. 9-22 gives the cutting speed 
and feed for some ofthe more com- 
mon metals. 


Cast Machine Soft 

Iron Steel Brass Aluminum 
75 100 200 300 

Í oan aed. Sr! f.p.m. Í pom; 

287 382 764 1146 
143 191 382 SiS 
95 127 254 381 
72 95 190 285 
aT 76 152 228 
48 64 128 192 
41 55 110 165 
36 48 96 144 
32 42 84 126 
29 38 176 114 


Fig. 9-22. Spindle speeds in revolutions per minute for 
average cuts with high-speed steel cutter bits. 


16, 


IY. 


18. 


The cut should be from the tail- 
stock toward the headstock so the 
pressure is on the live center which 
turns with the work. Start the lathe 
and screw the cutter bit into the 
stock to take a cut. Engage the 
power fed and make the cut. 

Check to see if the live and dead 
centers are inalignmentas follows: 
after a complete cut has been made 
on the diameter and length of the 
stock, measure both ends with a 
micrometer. If the measurementis 
the same at both ends the centers 
are aligned. If the measurements 
are different adjust the tailstock 
set-over screws and take another 
cut. Repeat these operations until 
both ends measure the same. 

Adjust an outside caliper to 1/32 
in. over the finished size. Turn on 
the lathe and turn the cross-feed 
handle to move the cutter bit into 


13, 


ho 
N 


the work for a roughing cut that 
will true up the stock. Make a trial 
cut about 1/4 inch wide. 

Turn the power off and check the 
trial cut with the calipers. Two or 
more roughing cuts may have to be 
taken. 

Turn on the power and cut a little 
past the halfway point on the length 
of the stock. Continue cutting until 
the stock has beencut to within 1/32 
in. of finished diameter, Remove the 
lathe dog and place it on the other 
end of the stock. Place the stock in 
the lathe and cut the other end to 
within 1/32 in. of the finished size. 
Place a finishing cutter bit in the 
tool holder and make a trial cut 
about 1/4 in. long. Do not change 
cross-feed setting. Mike the cut. If 
the diameter for example, is .004 in, 
oversize, turn the cross-feed 
micrometer collar .002 in. in and 
take another trial cut. Check the 
diameter again with the mike, If the 
diameter is correct, continue the 
longitudinal cut to a little past the 
center. 


Do not change the cross-feed set- 
ting. Remove the lathe dog. Placea 
band of aluminum or copper about 
1/2 in. wide around the other end of 
the stock to protect the finished 
surface from the lathe dog screw, 
Slip the lathe dog over the soft 
metal band and clamp it in place. 
Cut the other half of the stock tothe 
finished size. When turning workto 
two or more diameters, cut the 
largest diameter first. Mark the 
stock at the first shoulder and cut 
this diameter. Continue this pro- 
cedure until the smallest diameter 
has been turned. 


FILING AND POLISHING 
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Tool 
smooth, bright finish can be obtained on 


the surface of a piece by filing and polish- 


marks can be removed and a 


Fig. 9-23. Filing in the lathe. Keep the left orm well 
above the revolving chuck. 


img, Fig. 9-23: "UseJa fime mill tile or @ 
long-angle lathe file, Fig. 9-24. Adjust the 
lathe so that the work will make two or 
three revolutions for each stroke of the 
file. Take long, even strokes across the 
metal. File just enough to obtain a smooth 
surface. Always keep your file clean and 
free from chips with a file card. 


A very smooth, brightly polished finish 
can be obtained by using fine grades of 
abrasive cloth after filing. Apply oil on 
the emery cloth and adjust the lathe to 
run at high speed. Keep the abrasive cloth 
moving slowly from one end to the other. 


SAMMY SAFETY Says: 


“Keep your sleeves rolled up and hold your left elbow 
high so it will not be hit by the revolving lathe dog. Be 
careful not to let the emery cloth wrap around the re- 
volving work.'' 


TURNING A TAPER 


Short tapers, such as those ona lathe 
center or center punch can be turned by 


Fig. 9-24. A long-ongle lothe file. (Nicholson File Co.) 


clamping stock in a lathe chuck and setting 
the compound rest to the desired degree 
of taper. The point of the cutter bit is set 
on center and the carriage is locked in 
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place. Make the cut by turning the com- 
pound resi-feed screw, Fig. 95297 


COMPOUND 
REST 


Fig. 9-25. Using the compound rest to cut a taper. 


Long tapers are turned by setting the 
tailstock, Fig. 9-26, over or by means ofa 
taper attachment. To find the amount of 
tailstock set-over for a taper, use this 
formula: 


total length 
length to be tapered 


large diameter minus small diameter 
2 


Set-over = 


When the taper per foot is known use this 
formula: 


taper per foot, in inches " 


Set-over - 
x 2 


length of piece 
12 


LATHE CHUCKS 


Lathe chucks are used to hold work that 
cannot be mounted between lathe centers. 
There are many machining operations 
which can be performed on work held ina 
chuck, such as turning, threading (internal 


AMOUNT 
OF OFFSET 


NORMAL CENTER LINE 


TAILSTOCK 
CENTER 


Fig. 9-26. Tailstock off-set to cut a taper. 
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and external), boring (straight and taper), 
reaming, and cutting off stock. 


There are several types of chucks used 
for machining, the most popular being the 
4-jaw independent chuck and the 3-jaw 
universal chuck, Fig. 9-27. The 4-jaw 
independent has four reversible jaws which 
can be independently adjusted. It will hold 
round, square and irregular shapes. The 
work can be adjusted to practically any 
degree of accuracy required. The 3-jaw 
universal chuck will hold round and hexag- 
onal stock. The jaws move in or out to- 
gether and automatically center the work 
within about three thousandths of an inch. 
This chuck is usually provided with one 


Fig. 9-27. Lathe chucks. Left, 3-jaw universal chuck. 
Right, 4-jaw independent chuck. (South Bend Lathe) 


set of jaws for outside chucking, and 
another set for inside chucking, The jaws 
cannot be reversed, The 3-jaw universal 
chuck is not used where extreme accuracy 
is required. 


USING LATHE CHUCKS 


When mounting a chuck on the lathe 
spindle, thoroughly clean and oil the 
threads of the spindle and the chuck back. 
A very small chip or burr will prevent 
the chuck from running smoothly. Remove 
the live center by holding the center with 
your right hand and giving the center a 
sharp tap with the knock out bar through 
the spindle hole. Place a piece of wood 
across the ways of the lathe to protect 
them. Grip the chuck by placing your 
fingers in the center between the jaws, and 
lift it onto the piece of wood. Turn the 
headstock spindle with the left hand and 


guide the chuck onto the thread. Be sure to 
get the chuck started square on the 
threads. The chuck should screw oneasily. 
Continue to screw the chuck onto the 
spindle by hand until it is tight against 
the shoulder. Never bring the chuck a- 


gainst the spindle shoulder with a bang 
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since this will make it difficult toremove. 


To remove a chuck from the lathe 
spindle, engage the back gears and place 
a wood block between a chuck jaw and the 
back ways of the bed. Turn the spindle 
pulley by hand to loosen the chuck, Then 
place a board across the ways under the 
chuck. Continue to screw the chuck off by 
hand. 


To mount the work in a 4-jaw independ- 
ent chuck, open the four jaws an equal 
distance from the center. Use the con- 
centric rings on the face of the chuckas a 
guide. Insert the work and tighten the jaws 
until it is approximately centered and held 
firmly. The work is then centered more 
accurately by bringing a piece of chalk in 
contact with the work as the chuck is 
slowly rotated, Fig. 9-28. The jaw opposite 


Fig. 9-28. Centering work by the chalk method. 


the chalk mark is loosened slightly. Then 
tighten the jaw on the side where the chalk 
mark is located. Continue this procedure 
until the work is centered. Check all four 
jaws to be sure they are securely tightened 
before starting to machine the work, 
work in a 3-jaw universal 
jaws until the work can be 
tighten jaws with chuck 
the key. 


To mount 
chuck, open 
Then 
Be sure to remove 


inserted. 


kev. 


"l 


aÁ—— ÀÀ 


Fig. 9-30. Top, Drilling in the lathe with a taper-shank 

drill, The drill is held in a drill chuck if it is a straight- 

shonk. Fig. 9-31. Center, Hand reaming in the lathe. 

Do not use power when hand reaming. Fig. 9-32. Bottom, 
Boring in the lathe with a boring bor. 
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FACING 


The term Facing refers to the cutting 
or squaring of the end of a piece of work, 
as in Fig. 9-29. The cutting tool is set so 
the cutting edge passes through the center 
of the work. Roughing cuts are made from 
the outside of the work toward the center. 
Finishing cuts are made from the center 
to the outside. Lock the carriage in place 
when making facing cuts. 


DRILLING 


Drilling on the lathe is done by holding 
the work in the lathe chuck and securing 
the drill in the tailstock, Fig. 9-30. After 
the work has been faced, spot the center 
for the drill with the cutter bit. Adjust 
the lathe to the correct speed for drilling. 
Select a drill 1/64 in. undersize to allow 
for reaming. Insert the drill in the tail- 
stock, Drills with straight shanks are 
chucked in a drill chuck that has a tapered 
shank which will fit the taper in the tail- 
stock. Bring the tailstock close to the 
work, so the tailstock spindle will not have 
to be run out any farther than necessary to 
drill the hole, After the hole has been 
drilled, hand ream it in the lathe, Fig. 
9-31. If a large hole is to be drilled, itis 
good practice to drill a pilot hole first. 


BORING 


Boring is done when the hole to be cut 
is not standard size, or to cut a very 
accurate hole. Use a boring tool holder 
with a bar which can be adjusted, so the 
cutting edge of the toolisinthe proper po- 
sition for cutting, Fig. 9-32. 


THREADING 


A lathe may be used to cut a great 
variety of threads. This is done by using 
a specially sharpened tool bit. The power 
feed is adjusted to move the carriage 
along at a rate that will cause the tool to 
cut the required number of threads per 


Fig. 9-33. Left, Tapping in the lathe. 


inch, This is a very fascinating operation. 
Ask your teacher for a demonstration. 


An easy method for cutting internal 
threads, although not as accurate, is touse 
a tap in a lathe. Place the center hole of 
the tap on the point of the dead center and 
the work end of the tap in the (tap) drilled 
hole of the work, Fig. 9-33. Adjust the 
tailstock so there is just enough pressure 
to hold the tap in place. Turn the tap with 
a cresent wrench. After each turn of the 
tap it will be necessary to readjust the 
tailstock center. It is not necessary to 
complete the job in the lathe. After the 
threads have been started straight withthe 
taper tap, the threading can be completed 
at the bench with the plug and bottoming 
tap. 


KNURLING 


Knurling is a process of embossing the 
surface ofthe work, Fig. 9-34, Some pieces 
of work and handles of tools are knurled 
to provide a better gripping surface. 
Knurling tools are available which will 
produce fine, medium, coarse, straight, 
and diamond patterns. 


The knurling tool is clamped in the tool 
post at right angles to the work. Adjust the 
lathe for the slowest back geared speed. 
Mark off the space to be knurled, Start the 
lathe and force the knurling tool into the 
work at the right end. The knurls should be 
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Fig. 9-34. Using lathe for knurling. 


pressed hard into the work atthe start and 
then the pressure is relieved a little after 


making sure they track. Use plenty of oil 
to lubricate the knurling wheels regardless 


of the kind of material being knurled. Then 
engage the longitudinalfeed ofthe carriage 
and let the knurling tool feed across the 
work to the left, To make a deeper cut 
reverse the lathe spindle andlet the knurl- 
ing tool feed back to the starting point. Do 
not remove the knurl from the impression. 
Force the tool deeper intothe work, andlet 
it feed back across the work. Repeat this 
procedure until the knurling is finished. 


THE SHAPER 


The shaper is a machine tool which has 
the cutting tool mounted in a ram, Fig. 
9-35. The ram moves back and forth 
horizontally across the work. This ma- 
chine can be used for shaping horizontal, 
vertical, angular and curved surfaces, 
Fig. 9-36. The work is either mounted in 
the vise, or clamped tothe table, The table 
can be moved vertically or horizontally. 
The shaper size is determined by the 
maximum stroke in inches, such as 7 in., 
12 in., 16 in., and 24 in. Except for some 
of the tool angles, the shaper cutting tools 
are the same as those used in the lathe. 
Since the shaper cuts onthe forward stroke 
only, the side-relief angle needs to be 
only about 3 or 4 degrees. The end-relief 
angle, or front clearance, should be ap- 
proximately 3 or 4 degrees. 


Fig. 9-35. Principal parts of a shaper: (A) Clapper box, (B) Down-feed handle, (C) Head, (D) Headswivel lock screw, 

(E)Ram clamping handle, (F) Ram, (G) Switch box, (H) Hand wheel, (J) Drive-pulley guard, (K) Motor, (L) Motor cradle, 

(M) Tension release lever, (N) Eccentric, (O) Feed rod, (P) Table elevating crank, (Q) Cross feed crank, (R) Cross- 

rail, (S) Base, (T) Work-table support, (U) Support locking handle, (V) Work table, (W) Vise, (X) Lamp, (Y) Tool 
post, (Z) Tool holder. (South Bend Lathe) 


THE MILLING MACHINE 


The milling machine produces one or 
more machined surfaces on the work. The 
work is clamped to the table of the ma- 
ehine, or held in a fixture or jig which is 
clamped to the table. A rotating cutter 


TOOL HOLDER .,, 
CUTTING TOOL 


Fig. 9-37. Vertical milling machine. 
(Bridgeport Machines, Inc.) 


Fig. 9-36. Cuts that can be made on a shaper: (A) Angu- shapes and smoothes the metal. There 
lar cuts; (B) Horizontal; Vertical, and Angular cuts; (C) are several tvpes of milling machines, The 
SUSSEN Qo. (PV REUS MINE CDS two most commonly found in the school 
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Fig. 9-38. Horizontal milling machine. 


shop are the Vertical Milling Machine, Fig. 
9-37, and the Plain Horizontal Milling 
Machine, Fig. 9-38. These machines are 
known as kree-and-column type because 
the spindle is fixedinthe column, The table 
(which is apart of the knee) canbe adjusted 
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Fig. 9-39. Milling a slot in o block of metal, 
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Fig. 9-40. Gang milling---cutting two slots in a block 
of metal. 


E Ás "SUPPORTS 


(Cincinnati Milling Machine Co.) 


longitudinally, transversely and vertical- 
ly. Milling machines can be used to cut 
straight or irregular surfaces slots, and 
grooves. They can also be used to cut 
gear teeth. Some milling operations are 
shown in Fig. 9-39, and Fig. 9-40. 


QUIZ - UNIT 9 


1. The tool and diemaker must have a 
knowledge about =, =- 
An outside caliper is usedtotake ---, 


-, and ---. 


i) 


3. An inside caliper is used to take --- 

4. If the reading on the micrometer 

sleeve is two divisions past the one 

and the thimble reading is 15, the 

reading would be ---. 

What is an engine lathe? 

6. A combination drill andcountersink is 

used to --- --- for --- --- turning. 

For very accurate turning you should 

use the --- --- chuck. 

8. Name two ways to turn tapers in a 
lathe. 

9, List five operations that can be per- 
formed ina lathe. 

10. Describe the use of a shaper. 

11. What is the difference between a 
vertical mill and a horizontal mill? 
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METALWORKING PROJECTS 


UNIT 10 


The projects covered in this Unit are 
examples of what can be constructed to 
assist you in your study of the various 
units of metal work. Your instructor may 
also have other projects which you will 
want to consider. You can also get ideas 
for additional projects by visiting gift 
shops and department stores and from 
magazines and catalogues. 

The projects illustratedinthis Unit have 
been selected to provide easy ones for 
the beginning metalworking student tocon- 
struct. Others which are more difficult to 
make have also been included to present 
a challenge to the student and to give him 
experience in problem solving as he devel- 
ops more proficiency in the metals area. 
These projects lend themselves to many 
different designs and construction meth- 
ods. You may want to change the size of 
some of these plans to fit your own needs. 
For example, the shelf may be too large, 
or you might want to hang your house num- 
ber sign on a post which will require a 
different bracket. 


HOUSE NUMBER SIGN 


This house number sign, Fig. 10-1, isa 
good beginning project. Its constructionin- 
volves some important hand tool opera- 
tions which can be applied to numerous 
other projects. You may want to change 
the design of the scroll work or the shape 
of the plate which holds the numbers. 
Patterns for the numbers can be made so 
they can be cast in the foundry or they 
may be cut from aluminum or brass sheet 
stock. 


MATERIAL: 

Standard: 1 pe. band iron 1/8 €1/8 x 84 im, 

Scrolls: 1 pe. band ironi /8x L/9SO8T in, 

Plate: 1 pe. black iron 22 ga. o xX 14 I 

Hooks: 1 pc. mild steel 1/8 in. dia. x 
7 in; 

Rivets: 4 black iron 1/8 x 1/2 in. round 
head. 
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Numbers: Aluminum or brass - cast in 


PROCEDURE: 

1. Draw a full-size pattern of the scroll 
on Squared paper. See Fig. Tez, 

2. Figure the amount of material needed 
for the Scrolls and cut to correct 
length. 

3. Square the ends of the metal and re- 
move burrs. 

4. Form the scrolls. 

5. Cut materialtolengthfor the standard. 

6. Lay out pointed ends on both legs of 
the standard. 

7. Cut the ends to shape and file the 
edges. 

8. Mark off bends on material for stand- 
ard. 

9. Make 90-deg. bends with a small ra- 
dius as shown on drawing. 

10. Lay out number plate on 22 ga. black 
iron. 

11. Cut number plate to size, and file 
all edges. 

12. Lay out location of holes. 

13. Center punch and drill holes. 

14, Cut out stock for hooks. 

15. Form hooks. 

16, Locate rivet holes on scrolls and 
center punch. 

17. Drill 1/8 in. dia. holes in scrolls. 

18. Locate rivet holes on the standard and 
center punch. 

19. Drill 1/8 in. dia, holes inthe standard. 

20. Rivet the scrolls to the standard. 

21. Draw full-size pattern of figures on 


. Cut out figures and polish. 
. Locate rivet holes on figures. 


. Insert hooks in the standard and attach 


foundry, cut from sheet stock, 
'or purchase. 


metal. (If you cast your figures in the 
foundry, skip procedure 21 and 22). 


Center punch and drill holes in figures 
for rivets. 

Rivet figures to both sides ofthe plate. 
Paint as desired. 


the number plate. 


Fig. 10-1. House number sign. 
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Fig. 10-2. House number sign, working drawing. 
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WALL PLANT HOLDER 


This wall plant holder, Fig. 10-3, is an attrac- 
tive planter for displaying trailing vines and green 
plants. Flattened expanded metal or perforated 
metal can be used for the back, All of the pieces 
ü are joined with solder. While soft solder, prop- 
{ erly applied will serve satisfactorily, hard solder- 

ing will make the project stronger. If you have 
a spot welder in your shop, the expanded metal 
can be joined to the wire frame with it very 
easily. All of the metal parts must be cleaned 
thoroughly before applying the finish. This proj- 
ect is very attractive when given a satin black 
finish. 
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Fig. 10-4. Wall plant holder, 


working drawing. 


MAKE FLOWER POT 
HOLDER FROM ONE 
PIECE OF 1/8 DIA. 
WIRE. 


3-7/8 DIA. 


Fig. 10-5. Fruit tray. 


FRUIT TRAY 


The tray, Fig. 10-5, is a project which 
has many uses. It makes an attractive 
center piece when filled with fruit or 
flowers, or it can be used to serve buns. 
The size can be changed to meet your 
particular need, Perforated metal which 
has a pattern that can be cut out so there 
is astraight border around the edges works 
best for this project. It will be necessary 
for you to draw a full-size pattern, Fig. 
10-6, of all the curved parts so you can 
check them as they are formed. 

When all of the pieces for the project 
have been shaped, solder the legs and 
handles to the tray, Wire or clamp one side 
of the handle to the tray so the handle and 


= 13-3/4 


1/8 DIA. 


legs willbe heldin place, and atthe correct 
angle while being soldered. Remove the 
wire and solder the other side. A propane 
torch is a handy tool for this kind of solder- 
ing job. Wash the soldering flux off to the 
metal and dry all the parts. Polish and 
apply the finish selected. 


-—— 


FIREPLACE TOOL SET 


The fireplace set, Fig. 10-7, will en= 
hance the beauty of any fireplace as well 
as being very useful. The holder andtools 
are easy to make and many bench metal 
operations. are performed inthe construc- 
tion of this set, The drawing, Fig. 10-8, 
specifies rivets for fastening the various 
parts, however, if you have welding equip- 
ment available this set makes an excel- 
lent welding project. The handles of the 
tools can be peened or left plain. The 
brush can be purchased at most depart- 
ment and hardware stores. If you can not 
find one the exact size, either alter the 
dimensions of the brush holder shown in 
the drawing or cut the brush tofit, A satin 
black finish is practical for the set. Alu- 
minum may be used in place of band iron 
if you prefer. 


Fig. 10-8. Below, Fireploce working drawings. 
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Fig. 10-7. Fireploce tools. 


27-1/2 21-2 


- +) 
ecu 
fue HOLES 


< 2 

-1⁄2 2-34 i 
TROUGH: 22 GA. +V , "NE 
BLACK IRON if x 2-VB $ W 4 y 
verivers V — |o i 4 4 E: 

— 
ya | x 4 BRUSH 
V4 x 1/2 HOLE 


Fig. 10-9. Wall shelf. 


SPACE SAVER SHELF 


The space saver shelf, Fig. 10-9, will 
provide a place for cosmetics, perfumes, 
and towels in the bathroom, or spice jars, 
tea towels, etc. in the kitchen. 


You should not attempt this project until 
you have made several other metal proj- 
ects successfully. The parts must be ac- 
curately made so they will fit together 
properly and the shelf will hang evenly. 
The most difficult problem involved is the 
soldering or welding the parts in the cor- 


rect position, This project might be used 
as a problem solving experience to develop 
jigs to form the various parts and clamp- 
ing devices to hold them in place while 
soldering. A combination of expanded met- 
al for the bottom of the shelf, and perfor- 
ated metal for the sides, can be used to 
add variety to the design. If the project 
is enameled it should be sprayed on to 
obtain best results--be careful not to get 
runs, Two or three thin coats work better 
than one thick application. 


Fig. 10-10. Wall shelf, working drawing. 
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FOLLOWING ARE THE OVERALL DIMENSIONS 
FOR THE OTHER TWO CANISTERS IN THE SET. 

NO. 1 REPRESENTS THE LARGEST ONE, NO. 2 
THE MIDDLE SIZE CANISTER. 
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Fig. 10-12. Canister set, working drawing. 


CANISTER SET kitchen. By changing the height or width 
the boxes can be designed for various 
The canister set, Fig. 10-11, will make uses. Use 26-ga. sheet metal, 24 oz. cop- 
a decorative and useful addition to any Per, or .032 in, aluminum for the body and 
lid. The hinge should be made from 28 ga. 
stock. This project is not too difficult to 
make but does require careful and accurate 
layout to obtain satisfactory results, Bend- 
ing the box to shape must be carefully 
checked so the top edges of the four sides 
will match and not have one edge higher 
than the other. The hinge can be formed 
around the wire (No. 16) to be used as the 
pin to hold the two halves of the hinge 
together. Use a pair of pliers to bend the 
hinge tabs around the wire. A bar folder 
or turning machine can also be used to 
assist in this operation, Create your own 
design for the overhang on the lid. Join 
the box by soldering or riveting. Fasten 
the hinge to the body first, then join it to 
the lid. If aluminum or copper is used, 
give all the surfaces a satin or brushed 
finish. 


Fig. 10-11. Canister set 
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Fig. 10-15. Fishing tackle box. 


FISHING TACKLE BOX 


The handy box, Fig. 10-15, can be used 
to carry your favorite lures, hooks, and 
sinkers. This unique box which has two 
lids is constructed of leather grain pat- 
tern aluminum. The hinge arrangement 
is very simple and the box is held together 
with only four rivets at one end. Cut out 
all of the parts, and drill the holes for 
the rivets except the two holes in each 
end of the box where the hinge rivets are 
to be located for the two lids. These holes 
will be drilled later. Cut and form the 
catches for the hasps. Make the 90 deg. 
bend along the two edges of the box. Bend 
the corners of the box to form a rectang- 
ular shape. Put the pieces which form the 
compartments, Nos. (4) and (5), Fig. 10- 
16, together. The slots in these pieces can 
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be cut out by clamping the four pieces 
together and cutting them with a hacksaw. 
After the compartments have been as- 
sembled, place part No. (3) between them 
and insert these pieces in the box. Insert 
the rings, No. (7) in the ring straps, No. 
(8) and rivet them to the ends of the box. 
Bend the sides of the lids. Place one of 
the lids in position, and check to be sure 
it will clear all of the sides of the box 
when opened and closed. Mark the rivet 
locations on the box for the lid hinge. 
Drill the holes and set the rivets. Repeat 
these operations for the other lid, A piece 
of metal bent to clear the rim of the box, 
(clamped in a vise), will make it easier 
to set and head the rivets. Polish the box 
with steel wool. 
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Fig. 10-16. Fishing tackle box, working drawing. 
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Fig. 10-17. Fishing tackle box, assembly drawing. 
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Fig. 10-19. Working drowing. 


MAGAZINE RACK 


A project suggestion. This 
project lends itself to several 
different construction methods 
and designs. If youare interest- 
ed in this project, make up your 
own working drawings, and get 
them approved by your instruc- 
tor, before starting construc- 
tion. 


Fig. 10-18. Offset screwdriver. 
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OFFSET SCREWDRIVER 


The offset screwdriver, Fig. 10-18, will 
come in handy for those hard-to-get-to 
places. You will want one in your tool kit. 
This tool is made of water hardened tool 
steel. Two or three different sizes of 
metal can be used to make a set, Forge 
the points of the blades to shape and an- 
neal the metal, Then bend the offsets. 
Harden and temper the points. 
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Fig. 10-20. Barbecue tools. 


BARBECUE TOOLS 


The barbecue tools shown in Fig. 10- 
20, have very unique spiral handles which 
are sure to make them conversation 
pieces. They look difficult to make but 
the spiral handle is really very simple 
to form. Slot one end of the handles as 
shown in Fig. 10-21. Braze or weld the 
ends of the four prongs together. If you 
do not have equipment to braze or weld 
the pieces, the slots can be made by drill- 
ing 1/16 inch holes along the slots until 
you can insert a hacksaw blade to finish 
the cuts, Start drilling the holes 1/4 in. 
from the end of the handle. The spirals 
are formed by clamping the end of the 
metal in a vise and twisting the metal 
with a wrench, The jaws of the wrench 
should grip the metal close to the end of 


the slots. As the metal is twisted it will 
become shorter and cause the four prongs 
to spread and twist, If the prongs do not 
spread evenly, shape them with a pair of 
pliers. The twist in the solid part of the 
handles is formed by clamping one end 
of the section to be twisted close to the 
edge of the vise jaws. Place the jaws of 
a wrench at the other end of the section 
and twist. The spatula and fork can be 
made of stainless steel, hard tempered 
aluminum, or sheet steel, The fork and 
and spatula should be polished. The han- 
dles can be finished by coating them with 
oil and heating the metal until the oil is 
burned off. Then the surface of the metal 
should be polished, using a soft clean 
rag. 


Fig. 10-21. Barbecue tools, working drawing. 
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DOOR KNOCKER 


The classic grace of Colonial design 
in the door knocker, Fig. 10-24, will add 
distinction to any door. It may be cast in 
aluminum or brass. The pattern can eith- 
er be carved out of wood or modeled in 
clay which is used to make a plaster of 
Paris mold. The plaster of Paris mold is 
then used to cast a metal pattern that 
can be used for green sand foundry work. 
A hole is drilled in the back side of the 
knocker plate at the top and at the bottom 
for a 10-24 machine screw to attach the 
knocker to a door. The striker is fastened 
to the plate with two rivets, Fig. 10-25. 
If aluminum is used, a satin finish is very 
attractive. Brass is generally given a 
buffed finish, and should be lacquered to 
prevent tarnishing. 


Fig. 10-24. Door knocker. 


Fig. 10-25. Door knocker, working drawing. 
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CANDLE 


The light reflections given off of the 
flat tappered surfaces of the candle holder, 
Fig, 10-26 , makes WB a MOSE beauttul 
piece that will blend with modern or tra- 
ditional trends, This project requires two 
patterns and a core mold. A one-piece 
pattern is made for the base, and a split- 
pattern is used for the stem and holder. 
A shank is cast on each part to provide 
a means for chucking. The hole fer the 


Fig. 10-27. 
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13/16 DIA, 
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Fig. 10-26. Condle holder. 


HOLDER 


candle is formed with a core. The project 
is attractive cast in either aluminum or 
brass. Turn the holder to shape in the 
lathe and drill and tap the stem for a 
10-24 x 1 in. machine screw. Turn the 
base to shape, and drill a clearance hole 
through the center for a 10-24 machine 
screw which is used to join the holder and 
stem to the base. A highly buffed polish 
brings out the beauty in this project. 


Candle halder, working drawing. 
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MARKING GAUGE 


The marking gauge shown in Fig. 10- 
28, is a handy tool you can make for your 
home workshop. This project can be made 
with hand tools, however, a lathe provides 
an easy way to make the set screws and 
fine adjustment nut. The groove in the 
graduated beam can be cut by mounting 
the stock between centers in the lathe and 
securing the headstock spindle so it can 
not turn. Grind a 1/16 in. radius on the 
end of the tool bit, and mount in the tool 
holder in a position which will allow it to 
cut the groove as the saddle of lathe is 
fed longitudinally along the lathe bed. The 
cutting action should take place asthe tool 
bit is fed toward the headstock by hand. 
Feed the tool bit in about .002 in. for each 
cut until a depth of .031 in. is reached. 
The hole for the pointer is drilled for a 
press fit. Another method which might be 
used, would be to cut a slot about 1/4 in. 
deep at the pointer end, and drill the hole 
small enough so whenthe pointer is insert- 
ed there will be enough spring back to hold 
the pointer firmly. A small chisel can be 
used to cut the graduations. The numbers 


Fig. 10-28. Marking gauge. 


are cut in the beam with steel figure 
stamps. The figure stamps have to be 
rolled, as they are hammered in order to 
obtain an even impression at the top, and 
bottom of the figures stamped onthe beam. 
The marking gauge head and the fine ad- 
justment head should be clamped together 
for drilling so the holes of the two pieces 
will be in line. Mild steel can be used for 
all of the parts except the adjustment 
screw. Drill rodis usedto make the screw. 
Caseharden all of the mild steel parts. 
After the parts have been casehardened, 
clean and polish them. 


Fig. 10-29. Marking gauge, working drawing. 
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Fig. 10-30. Top wrench. 


TAP WRENCH 


The tap wrench, Fig. 10-30, is another 
tool that will come in handy and one that 
should be added to your tool kit, Follow 
the drawing, Fig. 10-31, to construct this 
project. All of the parts are made in the 
lathe, even the winding of the spring. The 
9/16 in. hole in the end of the adjusting 
handle should be drilled and tapped in the 
lathe. The threads on the right end of the 
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body can be threaded in the lathe, or with 
a threading die. If a threading die is used, 
great care must be taken to start the 
threads straight. The square hole in the 
body is made by drilling first with a 7/32 
in. drill, then filing the hole square witha 
square file. The wrench parts which are 
made from cold rolled steel should be 
casehardened. 
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Fig. 10-31. Tap wrench, working drawing. 
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Fig. 10-32. Hand drill. 


HAND DRILL 


ihe hand drill, Fie, 10-32, 1s a very 


interesting and challenging project. You. 


should not attempt to make this project 
until you have completed several metal 
projects successfully. The only machines 
required are the drill press and lathe. 
All of the parts can be made of mild steel 
except the handle which should be made 


of aluminum or wood to give the tool bet- 
ter balance. A 3-jaw, 1/4 in. chuck canbe 
purchased from a hardware store. The 
chuck shaft gear and the drive wheel are 
the two most difficult pieces to make, 
The drive wheel must be accurately laid 
out and drilled in order to work properly. 
The teeth on the gear are made by drill- 


Fig. 10-33. Hand drill, working drawing. 
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Metalworking - UNIT 10 


ing 3/64 in. 
to the root circle, and then cutting out 
the surplus metal left between the teeth 
with a hacksaw, Finish the gear by filing 
to the layout lines. A jig can be developed 
that can be used to drill evenly spaced 
holes in the drive wheel, Work with your 
instructor and see if you can design a jig 
for this operation. After all of the parts 
have been made, attach the drive wheel 
to the body of the drill. Insert the ball 
bearing and chuck shaft in the end of the 
body. Hold the chuck shaft tightly against 
the ball bearing, and adjust the gear on 
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the shaft until the teeth match perfectly 
with the holes in the drive wheel. The 
chuck shaft gear can be attached by braz- 
ing. If you do not have this equipment, you 
can use a 1/16 in. key between the shaft 
and the gear, and hard solder the pieces 
together. After the gear has been joined 
to the shaft, assemble. the drill, and test 
it to see if the gear teeth mesh with the 
holes in the drive wheel „as you turn the 
crank. File off the high spots on the teeth 
of the gear that do not mesh. The project 
can be finished by painting some of the 
parts or by polishing all of the surfaces. 
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Abrasives, selecting and using, 38 
Annealing steel, 69, 70 
Anvil, 64 
Balance, 7 
Barbecue tools, 103 
Bench and wrought metal, 
Bending metal, 31 
Bending sheet metal, 
Bird feeder, 99 
Bolts, 45 
Boring on lathe, 
Box, 

core, 74 

fishing tackle, 100 
Brake, bending metal on, 
Buffing metal, 39 
Burrs, removing from metal, 
Calipers, 

inside, 80 

outside, 79 
Candle holder, 106 
Canister set, 98 
Casehardening steel, 69, 71 
Casting, method of, 73 
Center punch, forging, 
Chisels, cold, 20 
Chucks, lathe, 86 
Cigarette set, 104 
Cold chisel, grinding head, 13 
Compound rest, using lathe, 86 
Cone-shaped articles, forming, 
Copper, soldering, 60 
Core, molding, 74 
Countersinking hole, 
Cutting metal, 19 

with chisel, 22 
Cutting tools, lathe, 84 
Decimal equivalants, drill size, 
Decorating metal, 37 
Design, good, 6 

principles, 6 
Di-Acro bending machine, 
Dividers, using, 16 
Door knocker, 105 
Drawing out metal, 66 
Dressing properly, 12 
Draw; 

countersink, 

gauge, 27 

grinding gauge, 29 

hand, 109 

parts of twist, 

press, using, 30 

sharpening, 28 

sizes and decimal equivalent, 2 

sizes, screw, 60 

sizes, tap, 41 
Drilling by hand, 

holes in metal, 
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on lathe, 88 
with power drills, 
Ductility, 9 
Elasticity, 9 
Eyer 
forming by forging, 
steps in forming, 34 
Fatigue resistance, 9 
Feeder, bird, 99 
File, parts of, 23 
Files, kinds of, 23 
Filing 
in lathe, 85 
metal, 24 
Fireplace tool set, 96 
Fishing tackle box, 100 
Flame used in hardening gears, 46 
Folden ban 52 33 
Forging 
process, 
tools, 64 
unit on, 63 
Forming metal, 
Foundry 
metal, 
unit on, 
Fruit tray, 
Furnace, 
melting, 77 
soldering, 61 
Gauge, marking, 
Groover, hand, 56 
Hack saw, using, 19, 20 
Hack saw blades, types of, 
Hammers, forging, 64 
Hand drill, 109 
Hardness, metal, 9 
Harmony, 8 
Heat treating 
procedure, 69 
steel, unit on, 68 
Hem, sheet metal, 
Hems, common types, 53 
Holes, cutting in metal, 26 
Horizontal milling machine, 
House number sign, 92 
Jig for bending pipe and 
tubing, 36 
Job opportunities in metalwork, 5 
Knocker, door, 105 
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Knurling on lathe, 89 
Lathe 

chucks, 86 

metal turning, 82 
Layout, stock, 17 
Machine, 

bending and forming, 3f 

bolts, 45 

metal forming, 54 
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screws, 44 
Machine shop, unit on, 79 
Magazine rack, 102 
Malleability, 9 
Marking gauge, 107 
Materials, 
selection of, 9 
used in metalwork, 6, 10 
Measuring and laying out work, 14 
Metal, 
bench and wrought, 14 
bending, 31 
ends, decorating, 37 
fastening devices, 43 
furnace, 77 
in our everyday lives, 4 
lathe, 82 
layout, 17 
seams, forming, 55 
sizes and shape, 10, 11 
upsetting, 65 
Metalwork 
materials, 10 
why you should study, 4 
projects, 92 
designing, 6 
Micrometer, 80, 81 
Milling, gang, 91 
Milling machine, using, 90 
Mold, sand, 75 
Offset screwdriver, 102 
Opportunities in sheet metal work, 47 
Patternmaking, 73 
Patterns, sheet metal, 47 
Pipe, 10 
bending, 36 
Plant holder, wall, 94 
Polishing in lathe, 85 
Projects, 
designing metalworking, 6 
metalworking, 92 
Proportion, 7 
Punches, using, 17 
Rack, magazine, 102 
Rhythm, 8 
Rivets, 43 
sheet metal, 58 
Rotary forming machine, 
sheet metal, 56 
Rule, steel, 14 
Safety, 2, 13, 22, BG, 39, 29, 61/65, 
71, 77, 78, 36 
Sand mold, 75 
Screw 
drill sizes, 60 
pitch gauge, 43 
Screwdriver, 102 


[We 


Screws, 

machine, 44 

Sheet metal, 59 
Scriber, using, 15 
Scroll, forming, 35 
Seamer, hand, 51 
Seams, sheet metal, 55 
Shaper, using the, 89. 
Shapes, four basic, 7 
Sheet metal, 10 

bending, 50 

cutting, 48 

Screws, 59 

fastening, 58 

forms, cylindrical, 52 

patterns, 47 

unit on, 47 
Shelf, space saver, 97 
Shop, machine, 80 
Shop safety 12, 13, 22, 36, 39, 49, 

61, 65, 71, 77, 78, 86 

Sign, house number, 92 
Soldering, soft, 59 
Square, using, 15 
Stake, forming metal over, 52 
Steel, 10 

heat treating, 68 


Stock layout out, 17 
Stove bolts, 45 
Surface, decorating metal, 37 
Tailstock, setting lathe, 83 
Tap 
drill sizes, 41 
wrenches, 41, 108 
Taps and dies, 40 
Taper, turning a, 86 
Tempering steel, 68, 70 
Texture, 9 
Threading on lathe, 88 
Thread, parts of, 40 
Threads, cutting, 40 
Tools, 
barbecue, 103 
fireplace, 96 
measuring, 79 
metalworking, 14 
Tray, fruit, 95 
Tubing, 10 
Twisting metal, 31, 34 
Unity, 8 
Upsetting metal, 65 
Vertical milling machine, 90 
Wall plant holder, 94 
Washers, 45 
Wired edge, forming, 55, 57 
Wrench, tap, 108 
Wrought metal, 14 
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